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Recommendations 
 

 The California Department of Water Resources has completed a concept level 
engineering investigation of fish passage solutions at Iron Canyon and Bear Hole on Big 
Chico Creek. 
 
 The Big Chico Creek Fish Passage Design Technical Team recommends 
advanced engineering of the following: 
 
Iron Canyon 

Repair of the existing ladder, reducing drops between pools to 1.5 feet. 
 
Bear Hole 

Construction of 2 gradient control structures 
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General 
 

Introduction 
 
 This report summarizes the findings of the DWR preliminary engineering 
investigation of fish passage solutions at Iron Canyon and Bear Hole on Big Chico 
Creek in Upper Bidwell Park, Chico, California (Figure 1).  Included in this report are 
preliminary design drawings and cost estimates for project alternatives, discussion of 
the physical and operational characteristics of the alternatives, and a summary of 
construction issues and final design criteria.  Attached appendices include technical 
design team meeting notes, hydrologic data, preliminary geologic investigation 
summary, cultural resources summary, and an environmental summary. 
 
Project Background 
 
 Declining salmon and steelhead populations have led to increased efforts to 
develop restoration activities to preserve and enhance these populations, while 
respecting the needs of various stakeholders.  The Iron Canyon and Bear Hole Fish 
Passage Project is a part of that effort.  The objective of the project is to enhance Big 
Chico Creek’s anadromous fishery by improving fish passage over a greater range of 
flows.  Improved fish passage will provide access to approximately nine miles of habitat 
for spring-run Chinook salmon and steelhead trout. 
 
 Big Chico Creek is located in Butte and Tehama Counties of California and is 
encompassed by a watershed area of approximately 72 square miles.  Big Chico Creek 
originates on the western slope of Colby Mountain and flows approximately 45 miles to 
its confluence with the Sacramento River. 
 
 The existing Iron Canyon fish ladder (Figures 2 and 3) was constructed in 1958 
by the California Department of Fish and Game (DFG) with assistance from the Magalia 
Honor Camp of the State Division of Forestry.  The original fish ladder consisted of 
fourteen small concrete weirs (steps) that provided a passage route for salmon past the 
massive rockslide that occurred in the early 1900’s.  The limited fish passage that does 
occur beyond Iron Canyon since the original fish ladder was constructed is believed to 
take place during higher flow conditions.  Over the years, the fish ladder has sustained 
damage and concrete has been worn to the point that rebar is now exposed and various 
leaks exist.  This damage has made fish passage at low flows extremely difficult or 
impossible.  Currently, the upper portion of the fish ladder is not passable at low flows 
because water does not flow into it.  The lower portion of the fish ladder is marginally 
passable at low flows because of recent damage to the lower portion of the fish ladder.  
Since its construction, DFG has been responsible for maintaining the fish ladder and 
making repairs as needed. 
 
 The Bear Hole portion of the investigation is concentrated on an area where a 
natural constriction occurs in the creek just downstream of a swimming area known as 
Bear Hole.  There is a six-foot drop in the creek bed elevation, and a 5-foot drop in the 
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low flow water surface.  These drops may make fish passage difficult during low flows.  
Bear Hole is a natural site where no fish passage improvements or stream restoration 
have been made.  Fish passage has not been a problem in the past, but recent changes 
in the creek may have created a situation where fish passage may be a problem at low 
flows.  No studies or consistent observations of fish passage have previously been 
conducted at this location.      
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Project Location and Access 
 
 The Iron Canyon and Bear Hole project areas are located in Butte County on Big 
Chico Creek, approximately 13 miles upstream of its confluence with the Sacramento 
River.  The project areas are on City of Chico property in Upper Bidwell Park.   
 
 Access for construction would be from Highway 99 at the East Avenue exit, then 
proceed east about 3 miles to Wildwood Avenue, and turn left onto Wildwood Avenue, 
which turns into Upper Park Road.  The project sites are accessible from Upper Park 
Road on the north side of Big Chico Creek (Figure 1, Sheet 2, and Sheet 12).   
 
Special Project Notes 
 
 The preliminary cost estimates are subject to review by DWR, Division of 
Engineering (DOE) staff.  The estimated quantities and costs shown in Tables 2, 9, 16, 
17, 18, and 19 and the preliminary engineering drawings are not intended for bidding or 
construction purposes, as final designs may result in changes to any or all quantities 
and costs.  Final designs will be subject to the approval of DFG, National Marine 
Fisheries Service (NMFS), USFWS, and the City of Chico. 
 

           California Department of Fish and Game 

         
Figure 2.  Original construction of the Iron        Figure 3.  Present Iron Canyon         
                 Canyon fish ladder (1958).                                      fish ladder (2000). 
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Project Alternatives 
 
 DWR, Northern District (ND), is under contract with USFWS to provide 
preliminary engineering designs and cost estimates for fish passage alternatives at Iron 
Canyon and Bear Hole on Big Chico Creek.  Several stakeholder meetings were held 
with representatives of local, State, and federal agencies to discuss the alternatives of 
the project.  The stakeholder group considered many alternatives to improve fish 
passage, including those listed below.  The alternatives were evaluated on numerous 
factors including fish passage, operation and maintenance, location and condition of 
existing facilities, stream characteristics, stream hydrology, site geology, biological 
criteria, owner liability, and economics.  For Iron Canyon, eight alternatives were 
narrowed down to three after consultation with the fish passage technical design team.  
At Bear Hole, seven alternatives were also narrowed down to three after consultation 
with the fish passage technical design team.  The 3 alternatives for Iron Canyon and 
Bear Hole were investigated and the results are summarized in this preliminary 
engineering report.  
 
Alternatives Considered for Iron Canyon 
 
 The initial alternatives considered for Iron Canyon are listed below.  Alternatives 
investigated in this report are underlined. 
 
� Alternative 1 - Do nothing. 
� Alternative 2 - Repair existing facilities and make minimal improvements to make the 

fishway operational. 
� Alternative 3 - Repair existing facilities and make some major improvements.  This 

alternative would focus on some of the more serious problem areas in the existing 
facilities.  Drops between pools would be designed to 2 feet or less. 

� Alternative 4 - Repair existing facilities and make some major improvements.  This 
alternative would focus on some of the more serious problem areas in the existing 
facilities.  Drops between pools would be designed to 1.5 feet or less.   

� Alternative 5 - Build hybrid facilities – Investigates the possibility of fixes using 
different ladder or weir types at certain problem areas. 

� Alternative 6 - Construct a new fish ladder that meets all typical fishway standards. 
� Alternative 7 - Convert Iron Canyon into a gradient structure.   
� Alternative 8 - Trap and relocate fish. 
 
 Alternative 1 was abandoned because it does not meet the goals of this 
restoration project. 
 
 Alternative 2 is one of the options carried through preliminary design (Sheets 4 
and 6).  Minimal improvements of the existing structure to make it functional again could 
be done at a relatively low cost. 
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Alternative 3 is one of the options carried through preliminary design (Sheets 4, 
7, and 9).  Improvements of the existing structure along with adjusting drops between 
pools to 2 feet or less would be accomplished to improve fish passage at low flows. 

 
Alternative 4 is one of the options carried through preliminary design (Sheets 5, 

8, and 9).  Improvements to minimize drops between pools to 1.5 feet or less would be 
accomplished to improve fish passage at low flows.  This would involve constructing 
new weirs within the limits of the existing structure.  
 
 Alternative 5 was abandoned because the technical team believed that hybrid 
structures would not provide a suitable solution for fish passage because of complex 
hydraulic conditions that would require frequent adjustments.   
 

Alternative 6 was abandoned because of the physical conditions of the project 
site and the risk involved with maintaining a new structure.  This alternative would likely 
involve disturbing a large reach of the creek to be able to construct a new structure.  An 
extensive topographic survey and geological investigation would be required to begin 
investigating alignments for a new fish ladder.  The investigation, design, and 
construction of a fish ladder that meets all standards and criteria would likely cost about 
5-10 million dollars.  The large investment in a new structure would need to include 
major improvements for access to the remote site to maintain it to standards.  There 
would also be a possible need to run power to the site for any equipment and to provide 
lighting for maintenance.  Though this alternative would improve fish passage over a 
greater range of flows, the large cost and area of disturbance were not considered to be 
warranted by the fisheries agencies.    

 
Alternative 7 was abandoned for reasons similar to those for Alternative 6.  An 

extensive topographic survey and geological investigation would be required to begin 
looking at pursuing this alternative.  It would also likely impact a fairly long reach of the 
creek to accomplish suitable fish passage.  Though this alternative would improve fish 
passage over a greater range of flows, the large cost and area of disturbance was not 
considered to be warranted by the fisheries agencies.  
 
 Alternative 8 was abandoned because it does not meet the goals of this 
restoration project. 
 
Alternatives Considered for Bear Hole 
 
 The initial alternatives considered for Bear Hole are listed below.  Alternatives 
investigated in this report are underlined. 
 
� Alternative 1 - Do nothing. 
� Alternative 2 - Enlarge the constriction area. 
� Alternative 3 - Enlarge the constriction area and add gradient control structure(s). 
� Alternative 4 - Add gradient control structure(s) without enlarging the constriction 

area. 
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� Alternative 5 - Placing fill in the channel downstream of the constriction area. 
� Alternative 6 - Construct a new fish ladder that meets all standards and criteria. 
� Alternative 7 - Trap and relocate fish. 
 
 Alternative 1 was abandoned because it does not meet the goals of this 
restoration project.  
 
 Alternative 2 is one of the options carried through preliminary design (Sheets 13 
and 14).  Enlarging the fish passage corridor through the existing constriction area is a 
possible method of improving fish passage.  The cost of this alternative is dependent on 
how much excavation could be accomplished without impacting the creek bed above 
the existing constriction area. 
 
 Alternative 3 is one of the options carried through preliminary design (Sheets 13, 
15, and 16).  The introduction of a gradient control structure(s) placed downstream of 
the constriction area to raise the water surface at the constriction area would improve 
fish passage.  In addition to constructing the gradient control structure(s), enlargement 
of the fish passage corridor by excavating the constriction area would be included. 
 
 Alternative 4 is one of the repairs carried through preliminary design (Sheets 13, 
15, and 16).  The introduction of a gradient control structure(s) placed downstream of 
the constriction area to raise the water surface would be included.  
 
 Alternative 5 was abandoned because the technical team decided this type of 
repair was extreme and that a simpler solution could be made for improving fish 
passage.  Fill that is added to improve fish passage would need to be stabilized so it 
would not flush out.  In addition, a low flow channel would need to be established to 
ensure adequate depth during lower flows for fish passage.  
 
 Alternative 6 was abandoned because the technical team decided that a new fish 
ladder would be too expensive and would not be required to improve fish passage at 
this site. 
 
 Alternative 7 was abandoned because it does not meet the goals of this 
restoration project. 
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Description of Investigation 
 
 ND staff began the preliminary engineering process with site surveys and 
hydrologic analyses.  DFG and NMFS fish ladder design standards were referenced for 
determining design requirements for the alternatives investigated.  A DFG Biologist and 
DFG and NMFS Engineers were consulted during the design phase.  A DWR Geologist 
conducted a geologic inspection of the project sites, and DWR Environmental 
Specialists conducted site evaluations. 
 
Surveying 
 
 ND staff began site surveying at Iron Canyon in May 2000.  Because of the 
nature of the terrain, the survey consisted primarily of identifying the existing fish ladder, 
creek profiles, and flow profiles.  Site surveying at Bear Hole began in June 2000 and 
consisted of surveying flow profiles and site topography.  It was determined, because of 
the difficulty in surveying the topography, that aerial photography would be beneficial to 
the design process.  Air targets were set in late June 2000 and surveyed with a Global 
Positioning System (GPS).  The basis of control for the aerial photography was NAD 83, 
State Plane, Zone 2 (feet) coordinates for the horizontal datum and NAVD 88 (feet) for 
the vertical datum.  A continuous series of overlapping air photos were taken from Bear 
Hole to Iron Canyon.  Color photos and a rectified photo mosaic of the reach were 
produced. 
 
Hydrology 
 
 The hydrologic data used for Big Chico Creek was collected from the USGS 
gaging station number 11384000 for water years 1931 to 1986 and the DWR gaging 
station number A04250 for water years 1997 to 1999.  A summary of historic flows is 
listed in Appendix B.  The newer DWR gaging station is located approximately one and 
a half miles downstream of the abandoned USGS gaging station, which is just 
downstream of the Bear Hole site.  There are no records near this location for water 
years 1987 to 1996.  Even with the gap in data, there is still over 50 years of hydrologic 
data, which is sufficient for summarizing flows in Big Chico Creek.   
 
Geology  
 
 A DOE geologist performed a geologic inspection of the project sites in 
September and November 2000.  The inspection focused on the stability of rocks near 
and within the creek bed and the ability to work with basalt, found new structures, and 
deepen pools within the existing fish ladder.  In September 2000, DFG crews used a 
jackhammer and a rock drill to enlarge a constriction area in the existing fish ladder.  
This work was valuable to the geologic analysis because it demonstrated the rate at 
which the basalt could be drilled or chipped.  A memorandum summarizing the 
inspection is listed in Appendix C.        
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Environmental 
 
 DWR Environmental Specialists and an Archeologist performed site surveys of 
the project sites to identify potential cultural resources or environmental issues.   
 

A cultural resource survey was conducted at the two project sites.  The survey 
consisting of a historical records search by staff at The Northeast Center of the 
California Historical Resources Information System, Chico State University, and a field 
visit to the project sites.  The survey revealed that no cultural resources or historic 
properties would be affected or impacted by the currently proposed project (see 
Appendix D).      
 
 The environmental survey consisted of field surveys to investigate potential 
impacts to sensitive plants, fish and wildlife, aesthetics, water quality, recreation, and 
land use.  Appendix E contains a list of potentially required environmental permits and 
an environmental checklist for the proposed project.  No threatened or endangered 
plant species were identified within the project area. 
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Iron Canyon 
 

Summary of Findings 
 
Comparison of Viable Alternatives 
 
Alternative 2 - Minimal Improvements                

        Cost Estimate 
            $ 145,000 

� Install a new weir 1 at the steel bar.        
� Repair weirs 2, 3, and 4 with steel or concrete caps. 
� Repair the right bank walls on pools 3 and 4. 
� Repair the floor of pool 3, keeping the underflow channel intact. 
� Repair and seal leaks in weirs 10 - 17. 
� Seal the large leak in pool 10. 
� Repair the exit structure (weir 17) and incorporate some flow control. 
� Excavate the loose materials in all pools. 
� Seal various leaks throughout the fish ladder. 

 
 
Alternative 3 - Major Improvements (2-foot drops)               

        Cost Estimate 
     $ 660,000 

� Install a new weir 1 at the steel bar.       
� Adjust all weirs to consistent 3-foot lengths and 2-foot drops throughout the 

entire fish ladder.  Use variable weirs and steel caps where appropriate. 
� Repair the right bank walls on pools 3 and 4. 
� Armor the walls of pool 3. 
� Repair the floor of pool 3, keeping the underflow channel intact. 
� Replace the left bank wall of pool 6. 
� Reconstruct weir 7. 
� Repair the concrete sandbag section of weir 7. 
� Construct a new weir in pool 7. 
� Repair and seal the leaks in weirs 10 - 17. 
� Seal the large leak in pool 10. 
� Repair the exit structure (weir 17) and incorporate some flow control. 
� Stabilize the headpool floor. 
� Repair/Replace the concrete bag wall near the exit. 
� Excavate the loose materials in all pools. 
� Seal various leaks throughout the fish ladder. 
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Alternative 4 - Major Improvements (1.5 foot drops)               
        Cost Estimate 

              $ 737,500 
• Install a new weir 1 at the steel bar and a head dissipation structure in pool 1. 
• Adjust all weirs to consistent 3-foot lengths and 1½-foot drops throughout the 

entire fish ladder.  Use variable weirs and steel caps where appropriate. 
• Repair weirs 2, 3, and 4 with steel or concrete caps. 
• Repair the right bank walls on pools 3 and 4. 
• Armor the walls of pool 3 
• Repair the floor of pool 3, keeping the underflow channel intact. 
• Construct a new weir in pool 5. 
• Replace the left bank wall of pool 6. 
• Construct a new weir in pool 6. 
• Construct a new weir in pool 7. 
• Replace the weir 7 group. 
• Construct a new weir in pool 7 or 8, or plug the leak in weir 8. 
• Repair and seal the leaks in weirs 10 - 17. 
• Seal the large leak in pool 10. 
• Construct a new weir in pool 12. 
• Repair the exit structure (weir 17) and incorporate some flow control. 
� Stabilize the headpool floor. 
� Repair/Replace the concrete bag wall near the exit. 
• Excavate the loose materials in all pools. 
• Seal various leaks throughout the fish ladder.  

 
Advantages and Disadvantages 
 
 The main advantage of Alternative 2, is that repair of the existing fish ladder 
would make it close to its original configuration, which would make it marginally 
passable during low flows at an economical cost.  Flow would be restored to the upper 
fish ladder section, the large leak in pool 10 would be repaired to maintain a sufficient 
water surface for passage to pool 11, and the steel bar structure in the vicinity of weir 1 
would raise the water surface in pool 1 for passage to pool 2.  Proper jumping depth for 
fish at low flows would also be provided.  The fish ladder would essentially be as 
effective as it had been at the time of construction in the late 1950’s. 
 
 The main disadvantage of Alternative 2 is that the existing fish ladder would still 
have inconsistent drops.  The average drop between pools is about 2 feet, but ranges 
from approximately 1 to 3 feet.  Although the 1-foot drops would be ideal, the 
3-foot drops are difficult for passage.  Most pools would not meet jumping depth or 
energy dissipation standards.  Also, flow control would only be possible at flows below 
100 cfs.  Alternative 2 would make the fish ladder operational, but numerous leaks and 
sections of worn concrete would still exist.  All fish ladder standards would not be met. 
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 The main advantage of Alternative 3 is that the existing fish ladder would be 
repaired to an operational state and some major improvements made for fish passage.  
The drops between pools would be repaired to a consistent height of 2 feet while fixing 
all weir lengths to an equivalent 3-foot length.  All major leaks and deteriorating sections 
of the fish ladder would be repaired so the fish ladder hydraulics and integrity would be 
improved.  Jumping depth and energy dissipation standards would also be improved. 
 
 The main disadvantage of Alternative 3 is that it would likely only improve the 
function of the fish ladder for flows below 100 cfs.  Also, the cost is higher than 
Alternative 2.  All fish ladder standards would not be met. 
  

The main advantage of Alternative 4 is that the existing fish ladder would be 
repaired to an operational state and some major improvements made for fish passage.  
The drops between pools would be repaired to consistent drops of 1.5 feet with the 
addition of 5 weirs within the limits of the existing fish ladder, while fixing all weir lengths 
to an equivalent 3-foot length.  All major leaks and deteriorating sections of the fish 
ladder would be repaired so the hydraulics and integrity would be improved.  Jumping 
depth and energy dissipation standards would also be improved. 
 
 The main disadvantage of Alternative 4 is that it would likely only improve the 
function of the fish ladder for flows below 100 cfs.  Also, the cost would be higher than 
Alternatives 2 and 3.  All fish ladder standards would not be met. 
 
Conclusions and Recommendations 
 
 The alternative that would provide the best fish passage in Iron Canyon would be 
Alternative 6 or 7.  However, these alternatives would be the most costly and impact the 
longest reach of the existing creek.  Maintenance of a new fish ladder that meets all 
standards would require the most time and cost to maintain.  This large investment for 
improving fish passage at this site is not a priority for the fisheries agencies at this time.   
  
 Therefore, the technical team decided Alternative 4, which would repair and 
improve the existing fish ladder in Iron Canyon, is the preferred alternative.  Repairing 
most of the fish ladder, and reducing the drops between pools from an average of 2 feet 
to consistent 1.5-foot drops should improve fish passage primarily at lower flows.  
Increasing the jumping depths in the pools and improving the energy dissipation within 
the fish ladder will also help improve fish passage in the existing fish ladder.  Sightings 
of fish in pools below Iron Canyon are a common occurrence as winter flows recede in 
Big Chico Creek.  The improvements of this alternative should help those fish that 
currently have a difficult time getting past Iron Canyon during the low flows of spring and 
summer.  The hydrology data in Appendix B show the historic trend of flows in Big 
Chico Creek since they were first recorded in 1930.       
 
Note:  In August 2001, ND staff accompanied DFG staff to inspect a potential fish 
passage barrier located about 200 feet downstream of the entrance to the Iron Canyon 
fish ladder.  This potential barrier may be a problem during low flow conditions of less 
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than approximately 30 cfs.  It is possible that movement of boulders and sediment could 
have caused the hydraulics in this area to change recently.  If it is decided to proceed 
with the improvements proposed for the Iron Canyon fish ladder, this newly developed 
potential barrier should be investigated and repaired along with the work proposed for 
Iron Canyon.       
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ALTERNATIVE 2 - Minimal Improvements 
 
Because it is possible to separate the project area into lower and upper sections, 

and different alternatives could be selected for each, they will be discussed separately.  
The lower section will be defined as the area between the downstream extent of the 
fishway and Pool 8 (Sheet 3).  The upper section will be defined as the area between 
Pool 8 and the upstream extent of the fishway.  The names of tasks listed in the 
alternatives will incorporate the alternative number, upper or lower section designation, 
and task number.  For example, Task 3L-2 would be Alternative 3, Lower section,  
Task 2. 
 
Lower Section 
 

For the lower section, Alternative 2 involves two tasks: 
2L-1 Repair existing damaged concrete structures. 
2L-2 Improve entrance conditions. 
 

TASK 2L-1 - Repair existing damaged concrete structures. 
Task 2L-1 is needed because some of the existing facilities are badly damaged 

and worn to the extent that the fishway does not function as intended, and its structural 
integrity is questionable.  Currently at low flows, at least one pool leaks so much that a 
pool is not maintained, and the water surface drop from pool 2 to pool 1 is excessive 
due to the failure of the existing weir 1.  As shown in Figure 4, concrete portions of the 
lower ladder have failed or worn to the point that rebar is exposed.  The fish ladder was 
intentionally dewatered at the time of the photo so that it could be inspected. 
 
PROPOSED WORK 

Use steel or other material to cap at least the three most badly damaged weir 
crests - These are weirs 2, 3, and 4.  Figure 4 shows weirs 3 (foreground), 4, 5, and 6.  
The caps could be manufactured so they would fit over the top of the existing weirs and 
be bolted in place.  A sealant could then be used around the edges of the cap to make a 
seal between the steel and concrete.  The new weir caps would be set at the proper 
elevations to minimize the drops between pools.  Slots for flashboards should be 
incorporated into the caps where appropriate. 

 
Replace two “blown-out” fish ladder walls - These are the right-side walls of 

Pools 3 and 4.  The walls of Pools 3 and 4 are shown in Figures 5 and 6, respectively.  
It is unlikely these walls can be repaired due to extensive damage, so they should be 
replaced.  Both walls are made up of concrete sandbags and poured concrete.  The wall 
of Pool 3 was partially removed by DFG personnel as remediation for a problem that 
occurred downstream in the ladder.  The wall of Pool 4 appears to have failed naturally 
over time. 
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           Figure 4.  Damaged lower fish ladder sections. 
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Figure 5.  Right bank side of Pool 3 fish ladder wall.  This wall once extended  
                across the gap indicated by the dashed lines.  
 
 
 

 
Figure 6.  Right bank side of Pool 4 fish ladder wall. 
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           Figure 7.  Floor of Pool 3 with water flowing over Weir 4. 

 
Repair the floor of Pool 3 - It appears that the floor of Pool 3 was constructed as 

a bridge over a portion of the creek channel.  This may have been important because 
the fish ladder crosses the creek channel, and bridging the channel would allow a 
portion of the creek flow to pass under the fish ladder instead of overtopping the walls.  
Presently, the floor is concrete, but has a large hole in it.  This hole is covered with a 
sheet of plywood.  Figure 7, above, shows the plywood floor, and Figure 8, on the 
following page, shows water flowing under the fish ladder.  If the plywood is not in place, 
it is possible at lower flows for all of the water in the ladder to pass through the floor of 
this pool and not over the downstream weirs. 

 
The underflow channel is a desirable feature that should be maintained.  Repair 

of the damage should consist of a new concrete or steel plate floor.  A steel plate floor 
may be easier to install than concrete, and the steel plate could be laid on top of the 
existing floor if it is determined that it is structurally sound.  A sealant would then be 
used around the steel to create a watertight bond between the new steel floor and the 
existing concrete.  Another advantage of using steel is that it could be removed for 
maintenance if the flow path under the ladder became clogged. 

 
Minor repair of Pool 5 - Pool 5 contains minor leaks that can be repaired. 
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Minor repair of Pool 6 - Pool 6 also contains some minor leaks that should be 
easily repairable.  

 

 
Figure 8.  Water flowing under the left bank side of Pool 3. 

 
TASK 2L-2 - Improve entrance conditions. 
Task 2L-2 is needed because of poor hydraulics and a large jump for fish at Weir 

2.  Weir 2 is the ladder entrance under existing conditions.  Originally, Weir 2 was a wall 
that guided water through a different route and set of weirs, but the natural movement of 
a large boulder has closed off that route.  DFG built a steel and timber weir near one of 
the original weirs, but this weir has been damaged and is no longer functional.  The 
remaining steel bar is shown in the upper center portion of Figure 9, on the following 
page. 
 
PROPOSED WORK 

Raise the water surface elevation of Pool 1 - To improve passage from Pool 1 to 
Pool 2, the low flow water surface of Pool 1 could be raised about 1.5 feet.  This would 
put the pool water surface high enough to ease passage past Weir 2 and into the lower 
section of the existing fish ladder.  This could be accomplished three different ways. 

1) Repair and reuse the steel bar weir frame installed by DFG. 
2) Place a large rock near the steel bar installed by DFG.  A rock of the proper 

size could allow pool 1 to backwater to give the desired effect.  The main 
drawback is that it may be difficult to get the rock set to give the exact effect 
that is desired.  Additionally, to prevent movement in the future, the rock 
would have to be anchored into place. 

3) Build a concrete or steel weir in the same location where the steel bar is 
located.  This option may be difficult because of the problems associated with 
dewatering this area. 
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It is recommended that the third option of building a concrete or steel weir in the same 
location is the best fix if the site can be completely dewatered. 
 

 
Figure 9.  Pool 1, Weir 1, and steel bar (24 cfs). 
 
Upper Section 
 

For the upper section, Alternative 2 involves two tasks: 
2U-1 Repair existing damaged concrete structures. 
2U-2 Improve exit conditions. 
 

TASK 2U-1 - Repair existing damaged concrete structures. 
Task 1 is needed because some of the existing facilities are damaged and worn 

to the extent that the fishway does not function as intended, and its structural integrity is 
questionable.  At least one pool leaks enough so that a pool is not maintained during 
low flows.  Also, some weirs have deteriorated to the point that water now flows under 
or around them.  The weirs in the upper section, however, are generally not as eroded 
as much as the weirs in the lower section.  This is probably true because the upper 
section is shielded from the main force of the water in the creek, and it takes in a 
smaller percentage of the total creek flow. 
 
PROPOSED WORK         

Repair or replace weirs - The work required to return the existing weirs to service 
is summarized in Table 1, on the following page.  Most of the work needed is simply 
sealing leaks where concrete meets rock.  This type of repair should be relatively easy 
to perform.  There are leaks under or around Weirs 12, 13, and 17, but it should be 
possible to repair them.  Weirs 14 and 16 are in poor condition and they should be 
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replaced.  These weirs are relatively small and replacement should be easy.  Weir 16 
can be seen in the center of Figure 10. 
 

Repair leaks - There are numerous leaks between pools and into and out of the 
upper ladder section along almost its entire length.  The repair of leaks would include 
both sealing leaks where the existing concrete structures meet rock as described 
above, and sealing between the rocks that make up the sidewalls of the ladder.  The 
upper section of the ladder is out of the main creek channel, so dewatering should be 
relatively easy.  The work needed to repair the leaks is summarized in Table 1.  The 
repair of Pool 10 may be difficult because there is a large cavity where water can flow 
out of the pool.  DFG has attempted to repair Pool 10 in the past, but were not 
completely successful. 
 
Table 1.  Summary of repair work for weirs and pools for Task 2U-1. 

Number Weir Pool 
9 No Action No Action 
10 Repair as Needed Seal Large Leak 
11 Repair as Needed Seal Leak 
12 Repair (Leak Under Weir) No Action 
13 Repair No Action 
14 Replace No Action 
15 Repair As Needed No Action 
16 Replace No Action 
17 Repair (Leak Under Weir)  No Action 

 

 
Figure 10.  Weir 16 (looking downstream). 
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TASK 2U-2 - Improve exit conditions. 
Task 2 is needed because at low flows, the exit weir crest is not submerged 

(Figure 11).  The only water entering the fish ladder comes from leaks between rocks 
and under the exit weir.   

 
Special note:  Based on observations by DWR personnel, the creek 

stage-discharge relationship has changed significantly at the fish ladder headpool over 
the last year.  This difference is most noticeable for low creek flows (20 - 50 cfs range).  
For a given flow, the stage at the fish ladder exit now (spring 2001) appears to be more 
than 0.5 foot higher than it was last year (fall 2000).  The Figure 8 photo, taken in fall 
2000, shows that the headpool water surface elevation is just below the weir crest at 27 
cfs.  Measurements taken by DFG in June 2001 show that the creek stage at this 
location is 0.5 foot higher with a lower total creek flow (23 cfs).  This may be attributed 
to a change in the creek channel or seasonal variation. 

 
DWR is attempting to make the fish ladder designs as flexible as possible.  If this 

change in stage is caused by dynamic changes in the creek channel, this is another 
indicator that maintenance, and possibly new construction, will need to be an ongoing 
commitment for the entity that assumes ownership of these facilities. 
 
PROPOSED WORK 

Lower the invert elevation of the exit weir and make it an adjustable structure 
(Figure 12) – The proposed adjustable exit structure would require modification of the 
existing structure to include slots for both horizontal and vertical flashboards.  The invert 
elevation of the new structure would be lowered to allow water to flow into the upper 
section of the fish ladder when the creek stage is low.  Boards could be added as the 
creek stage increases to help limit the amount of water flowing into the fish ladder. 

 
Another method investigated to improve exit conditions of the fishway was to 

build a structure in the creek to allow backwater into the fish ladder exit.  The structure 
would work well during low creek flow conditions but would force more water into the 
fish ladder as the creek stage increased.  This is undesirable because the fish ladder 
has a limited capacity, and too much water would enter the fish ladder.   
 
Maintenance 
 

To keep the fishway operating as intended, under Alternative 2, regular 
maintenance and minor repairs would be required.  Significant work may be required if 
changes in the creek cause portions of the fishway to become ineffective.  At creek 
flows of more than about 100 cfs, maintenance and adjustments may not be possible.  
This may limit the time that work can be performed to the months from late spring 
through fall. 

 
Regular maintenance will include inspection of the entire fishway to ensure 

proper operation and sediment and debris removal. 
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Less frequent, but more significant work may include repair of damaged concrete 
structures, sealing leaks, and pool excavations.  Major work may be required because 
of changes in channel hydraulics or geologic conditions.  These types of changes have 
resulted in significant work in the past.  Presently, this site is only accessible by foot.  
Thus, specialized equipment, such as a crane or helicopter, may be required when 
performing significant repairs. 

 
An operations and maintenance manual should be developed during the final 

design process to provide information on how the fish ladder should be operated and 
maintained. 
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Figure 11.  Fish ladder exit weir.  (27 cfs) 

 

 
Figure 12.  Proposed adjustable exit weir. 

Proposed Modifications to Existing
Weir 17 (Exit)
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Table 2.  Iron Canyon Alternative 2 preliminary cost estimate. 
 

 
 
 
 
 
 
 
 

ITEM DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST

MISCELLANEOUS
1 Mobilization/Demobilization 1 LS 6,000$                  6,000$                       
2 Site Work, Access & Mitigation 1 LS 4,000$                  4,000$                       
3 Construction Scaffolding 1 LS 2,000$                  2,000$                       

12,000$                     
FISH LADDER LOWER SECTION

4 Weir Repair, Weir 1 1 LS 2,500$                  2,500$                       
5 Weir Repair, General 3 EA 1,500$                  4,500$                       
6 Pool 3 Floor Repair 1 LS 1,000$                  1,000$                       
7 Pool Leak Repair, General 1 LS 1,500$                  1,500$                       
8 Excavation - Loose Rock 5 CY 200$                     1,000$                       
9 Excavation - Concrete 1 CY 1,000$                  1,000$                       
10 Concrete (Walls & Baffles) 3 CY 1,000$                  3,000$                       
11 Dewatering 3 DAY 2,500$                  7,500$                       

22,000$                     
FISH LADDER UPPER SECTION

12 Pool 10 Repair 1 LS 5,000$                  5,000$                       
13 Exit Structure 1 LS 1,500$                  1,500$                       
14 Excavation - Loose Rock 20 CY 200$                     4,000$                       
15 Excavation - Concrete 1 CY 1,000$                  1,000$                       
16 Concrete (Walls & Baffles) 4 CY 1,000$                  4,000$                       
17 Dewatering 2 DAY 1,000$                  2,000$                       

17,500$                     

18 Construction Cost 51,500$                     
19 Contingency @ 30% 15,500$                     
20 Construction Cost Subtotal 67,000$                     

21 Engineering 26,000$                     
22 Environmental 13,000$                     
23 Construction Inspection 13,000$                     
24 Contract Administration 26,000$                     
25 Total 145,000$                   

Big Chico Creek - Iron Canyon Fish Passage Project
Preliminary Cost Estimate for Design and Construction

Alternative 2
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ALTERNATIVE 3 - Major Improvements (2-foot drops) 
 
Lower Section 
 

For the lower section, Alternative 3 involves four tasks: 
3L-1 Repair existing damaged structures and build new structures. 
3L-2 Improve entrance conditions. 
3L-3 Adjust drops between pools to 2 feet or less. 
3L-4 Excavate pools. 
 

TASK 3L-1 - Repair existing damaged concrete structures and build new 
structures. 
Task 3L-1 is needed for the reasons described in Task 2L-1. 

 
PROPOSED WORK 

The proposed work for this task is similar to that of Alternative 2 - The main 
difference is that a greater effort will be taken to fix or improve areas that may become 
problems in the future.  All work proposed for Task 2L-1 is included in this alternative in 
addition to the items discussed below. 

 
Strengthen and armor the walls of pool 3 - These repairs should be made 

because these walls will become overflow weirs when the creek flow increases 
whenever the capacity of the channel under the fish ladder is exceeded.  The existing 
right-side wall is damaged (Figure 5) and must be replaced.  The left-side wall is in fair 
condition, but because of its location in the creek channel, it is subject to damage from 
higher flows.  For this reason, a new concrete wall should be constructed next to the 
existing wall that will serve to effectively increase its thickness.  Additionally, both walls 
should be armored with steel to help protect them from being damaged during higher 
flows.  The right-side wall should be set at a specific elevation or notched so that some 
water can leave the ladder and decrease the flow into pool 2. 

 
Replace left wall of pool 6 - Pool 6 is in fair condition, but the left wall should be 

replaced.  This wall is shown in Figure 13 on the following page.  The reasons it should 
be replaced are that there is a fair amount of leakage where the wall meets the natural 
rock and the concrete is significantly eroded on the upstream end.  Because of the 
damage and the small size of the wall, replacement will be easier and more effective 
than any attempt to repair it. 

 
Build new structure in pool 7 or stop leaks through Weir Group 8 - Under present 

conditions, approximately 30 cfs can flow underneath or through voids in Weir Group 8.  
Some of this flow goes through cracks and two small orifices, but most appear to be 
through an underwater tunnel.  This alternative relies on the ability to create a 2-foot 
head differential at or near Weir Group 8 during low flows.  For this reason, most or all 
of the submerged passage routes must be blocked or a new structure (probably a weir) 
built to take the place of Weir Group 8.  A possible new weir location is labeled “C” in  
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Figure 14.  The underwater tunnel has a cross sectional area of approximately 18 
square feet and its location is identified by the dashed lines labeled “A” in Figure 14. 

 

 
Figure 13.  Left wall of Pool 6 (24 cfs). 
 

 
Figure 14.  Underwater tunnels and new weir location. 
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It is likely that suitable foundation materials are not far below the surface in the 
area indicated in Figure 14.  This new weir should contain a notch, set at the same 
elevation as is proposed for Weir 8.  If a new weir were constructed, Weir 8 would 
remain in place and not be altered except to repair leaks on the right bank side if the 
new weir does not entirely cross Pool 7. 

 
If a new weir in Pool 7 is constructed as proposed, then Weir 7 will need to be 

rebuilt.  The new structure would need to be about 2 feet taller than the existing weir.  
The reconstruction of Weir 7 should include the repair of leaks that presently exist.  One 
leak is under a rock near the overflow weir shown in Figure 15.  Other leaks occur 
where concrete meets rock, but the most significant leaks occur where concrete 
sandbags were used in the original construction.  Additionally, the existing overflow weir 
section should be replaced with a new weir so that flow through the lower fish ladder 
could be more closely regulated.  The overflow weir, sandbag construction, and one of 
the leaks in Weir 7 are shown in Figure 15.  

 

 
Figure 15.  Weir 7 overflow at 24 cfs. 

 
A benefit of reconstructing Weir 7 is that features can be incorporated into the 

new weir that may help to dewater the lower section of the fish ladder, especially the 
area around Pool 1.  For example, an opening could be cast in the reconstructed weir 
so that a pipe or flume could be used to transport water downstream of the lower 
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section.  Additionally, If the existing concrete sandbag wall section is removed, then 
much of Pools 7 and 8 would be dewatered, facilitating construction in these pools. 

 
The other method for creating a head differential in this area would be to plug the 

tunnel through Weir Group 8.  Unfortunately, without dewatering the site, it is difficult to 
determine the geologic makeup of this feature and the feasibility of this option.  Two 
potential methods for blocking this tunnel include (1) filling it in with boulders from the 
upstream side, then sealing the voids with concrete or grout and (2) breaking up rock 
that forms the tunnel lid, dropping it into the void, and stabilizing the rocks using 
concrete or grout.  Because of the uncertainty of these options, a more practical solution 
would be to construct a new weir in Pool 7. 
 

TASK 3L-2 - Improve entrance conditions. 
Task 3L-2 is needed for the reasons described in Task 2L-2. 

 
PROPOSED WORK 

Raise the water surface elevation in Pool 1 - This work could be done using the 
same methods described in Alternative 2, but the weir crest height equal to the height of 
the existing steel bar.  The weir would not need to be as high as described in Alternative 
2 because the height of Weir 2 would be lower. 
 

TASK 3L-3 - Adjust drops between pools to 2 feet or less. 
Task 3L-3 is important because under existing conditions, the drops between 

some pools are nearly 3 feet, which may cause passage difficulties for fish.  By 
adjusting the heights of the weirs, the larger drops will be reduced while some of the 
smaller drops will be increased. 
 
PROPOSED WORK 

Cap the weir crests with steel set at predetermined elevations - Table 3 
summarizes the required change in weir crest elevations from the existing mean crest 
elevation, assuming that the new weirs would be 3 feet wide.  Table 4 summarizes 
existing and proposed relative elevation differences between consecutive weir crests. 
 
Table 3.  Proposed weir crest elevation changes and finished elevations for Task 3L-3. 

Weir Elevation Change (ft.) Finished Elevation (ft.) 
1 0 433.76 
2 -0.48 435.57 
3 +0.77 437.57 
4 +0.55 439.57 
5 -0.31 441.57 
6 -0.40 443.57 
7 0 445.57 
8 New weir or +0.36 447.57 
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Table 4.  Existing and proposed drops between pools for Task 3L-3. 
Pools Existing Drops (ft.) Proposed Drops (ft.) 

Creek WSEL to Pool 1 0.23 1.67 
1 to 2 2.73 1.81 
2 to 3 0.75 2.00 
3 to 4 2.22 2.00 
4 to 5 2.86 2.00 
5 to 6 2.09 2.00 
6 to 7 1.60 2.00 
7 to 8 0 (at low flow) 2.00 

 
Adjust weir crest length or type - Because the length of a weir crest will affect 

pool water surface elevation and hydraulics, an effort should be made to choose the 
appropriate length and type of weir repair.  The previous discussion and tables apply to 
standard weirs with 3-foot-wide crests, but this is not the only possible type of weir that 
can be used (Sheet 10).  Using vertical slot may be appropriate for some areas where 
swim-through conditions could exist or where adequate clearance is not available for 
fish to jump over weirs. 

 
One advantage of using some type of vertical slot is that it may provide a “swim-

through” condition for fish passage.  This would probably not be the case, however, for 
Alternative 3 at a 10 cfs design flow.  The deepest slot that could be used would be 
about 2 feet, making the slot invert the same elevation as the water surface of the 
downstream pool.  This is because of both the fish ladder geometry and the limited 
capacity of the fish ladder.  A 2-foot deep by 1-foot wide slot would pass about 10 cfs, 
but the flow may vary depending on the characteristics of the upstream pool.  
Unfortunately, we are constrained by the configuration of the existing pools, which vary 
significantly from one to the next in shape, size, and ability to dissipate energy.  Each 
slot may need to be adjusted differently, most likely being custom sized and fitted using 
trial and error in the field, as described below (see Figure 16). 

 
Another disadvantage of slots is their potential inability to maintain pool depths in 

the upstream pool.  The deeper the slot, the shallower the water in the pool can become 
if flow conditions change.  It is difficult to predict how slots will work hydraulically in 
combination with standard weirs.  Changing conditions in pool would have a more 
dramatic effect on fish passage than a weir only system.  For example, if the flow in the 
fish ladder dropped down to 5 cfs, the depth of flow in the slot would drop by about 
0.8 foot and the depth of flow over the weir would drop by about 0.4 foot.  If the slot is 
downstream of the weir, then the drop between pools could increase by 0.4 foot. 

 
Slots are also more likely to be obstructed by debris passing down the fish 

ladder.  A few sticks turned perpendicular to the flow could completely block fish 
passage.  Additionally, slots do not act like weirs hydraulically and would pass more 
flow through a smaller area.  For a 2-foot deep by 1-foot wide slot size, because of the 
decreased area, water velocities would be about 50 percent higher than with a standard 
weir at 10 cfs flow (3.3 fps for a weir, and 5 fps per slot). 
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One way to overcome the hydraulic uncertainty may be to construct a type of 
variable weir that can be configured as either a slot or a standard weir.  To accomplish 
this, a 3-foot wide by 2.5-foot deep area could be cut out of the existing weir.  This area 
only needs to be 2 feet deep, but making it deeper than the minimum requirement will 
allow flexibility to adjust invert elevations.  This opening would be capped with steel and 
include flashboard type slots (Figure 16 A).  This opening could then be fitted with 
inserts to create an adjustable slot (Figure 16 B), or with flashboards to create an 
adjustable weir (Figure 16 C).  V-notch inserts (not shown) could also be used.  V-notch 
weirs would probably create better fish ladder hydraulics than rectangular slots, but may 
not be as good for fish passage.  These variable weirs could also be adapted to accept 
“chutes” or “ramps” that may provide more of a swim-through condition between pools.  
One drawback with this option is that few pools are large enough to use chutes or 
ramps without sacrificing energy dissipation. 
 

 
A    B    C 

 
Figure 16.  Variable weirs. 
 

TASK 3L-4 - Excavate pools. 
Task 3L-4 is important because some of the pools are shallow, possibly limiting a 

fish’s ability to leap from one pool to the next.  Additionally, larger pools typically have 
the capacity to dissipate more energy.  This can reduce the effort required by the fish to 
move from one pool to the next.  It appears that in some of the lower pools, loose 
material could be excavated easily to increase pool volume.  Some have clean bottoms, 
some contain sediment and cobbles, and some contain large rocks that should be 
removed or excavated.  Figures 17 and 18 on the following page show some of the 
material in the bottom of Pools 5 and 6. 
 
PROPOSED WORK 

Excavate some pools to add depth for leaping and to improve energy  
dissipation - Table 5 summarizes excavation depth, the standards being met, and 
energy dissipation values for pools in the lower fish ladder section.  DFG and NMFS 
have stated that for this project, the minimum pool depth required for fish to be able to 
jump from one pool to the next is 1.5 times the jump height.  The minimum leaping 
depth standard is planned to be met, and the energy dissipation standard should be met 
where economically and geologically appropriate. 
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Figure 17.  Sediment and cobbles in Pool 5. 
 

 
Figure 18.  Large rocks in Pool 6. 
 

 
To meet this standard, Pools 2, 5, and 6 will need to be deepened.  Keeping the 

pools clean so that they continue to meet the minimum leaping depth requirements will 
be the responsibility of the fishway operators.  Pool depths are based on the 
assumption that the depth of flow over the downstream weir is 1 foot, or about 10 cfs for 
a 3-foot-wide weir. 
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Table 5.  Proposed average excavation depth, pool floor elevation, and energy 
               dissipation for 10 cfs with 2-foot drops between lower pools. 

Proposed Finished Energy
Pool Excavation Elevation Leaping Energy Dissipation
(#) (ft) (ft) (ft-lb/ft^3/sec)
1 0 No Change Yes Yes <=4
2 0.7 433.6 Yes No 12.3
3 0.1 434.4 Yes Yes <=4
4 0.4 436.0 Yes Yes <=4
5 1.1 438.9 Yes Yes <=4
6 0.4 441.6 Yes Yes <=4
7 0 No Change Yes Yes <=4
8 0 No Change Yes Yes <=4

Standards Met

 
 
• Pool 2 would need to be deepened an average of 0.7 foot.  Presently this pool has a 

concrete floor, but there is a void space under the floor of the ladder.  To deepen the 
pool, the floor could be removed and the weir extended down to the creek bottom. 

• Pools 5 and 6 should be deepened an average of 0.4 foot.  These pools presently 
contain a thick layer of gravel and cobbles that can be excavated to gain the 
required pool depth.   

 
The standard for energy dissipation for a step pool fish ladder is based on 

effective pool volume relative to the amount of water flowing through the structure and 
the head differential between consecutive pools.  The standard is: 

 
Vpool = 16 x Q x (∆h) 
Vpool = required effective pool volume 
Q = flow of water through pool in cfs 
∆h = difference in water surface elevation between consecutive pools 
 
Figure 19 illustrates energy dissipation values for standard pool and weir fish 

ladders at various published flow rates.  The middle data points on each line depict the 
energy dissipation at the “normal” flow rate.  The normal energy dissipation for each of 
the fish ladder sizes is about 4 ft-lb/ft3/sec, which is the accepted value.  It appears, 
however, that somewhat larger values are sometimes accepted, especially for smaller 
sized fish ladders. 

 
Because the required pool volume increases with flow, it is desirable to limit the 

amount of water entering the fish ladder.  This could be accomplished by the 
construction of a new overflow weir as a part of Weir 7.  To meet the energy standard 
with 10 cfs of flow (10 cfs = 1 foot of weir flow), Pools 2, 3, 4, and 5 would need to be 
enlarged.  The following summarizes the required changes: 
• Pool 2 – requires increased depth and length  
• Pool 3 – widen by 0.1 foot 
• Pool 4 – excavate by 0.4 foot 
• Pool 5 – excavate by 1.1 feet 
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Figure 19.  Energy dissipation chart. 
 
Modifying Pool 2 may not be feasible.  To get the proper volume, Pool 2 would 

need to be deepened, lengthened, and/or slightly widened.  Unfortunately, large 
boulders confine this pool, and increasing its size would be quite difficult.  Being able to 
meet the energy dissipation standard would involve excavating large boulders that 
would affect numerous boulders in the same area.  This would add significantly to the 
cost of the project. 

 
Pool 3 has a concrete floor, so its depth will not be increased.  Its right-side wall 

must be rebuilt, so this wall will be moved slightly outward. 
 
This task would be relatively easy for Pools 4 and 5 because minimal excavation 

is required.  The required excavation for Pool 5 is actually only 0.7 foot more than the 
excavation required to meet the leaping standard. 

 
It may not be possible to dissipate the energy of flows higher than 10 cfs and still 

use the existing facilities.  If the flow increases to 18 cfs (1.5-foot-deep weir flow), then 
the required pool volume would be increased from 320 cubic feet to 576 cubic feet.  The 
existing pools cannot be enlarged this much under this alternative. 

 
Another issue that should be addressed is pool stability.  Some of the pools in 

the fishway have a history of having their natural or concrete floors “drop out.”  

Approximate Energy Dissipation Values For Three Standard Sized Pool and Weir Fish 
Ladders At Various Flows. From Fisheries Handbook (Bell)
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Seasonal flows and dynamic changes in the creek have caused movement of gravels, 
sediment, or rock that in turn have caused some pools to leak.  The entire fishway is 
constructed on boulders of various sizes; and the pool floors are sealed with gravels, 
sediment, and/or concrete.  Pools that will be modified should also be stabilized with a 
slurry fill or concrete to prevent leaking. 

 
Upper Section 
 

For the upper section, Alternative 3 involves 4 tasks: 
3U-1 Repair existing damaged concrete structures. 
3U-2 Improve exit conditions. 
3U-3 Adjust drops between pools to 2 feet or less. 
3U-4 Excavate pools. 
 

TASK 3U-1 - Repair existing damaged concrete structures. 
Task 3U-1 is needed for the reasons described in Task 2U-1. 

 
PROPOSED WORK 

The proposed work for this task includes all the items from Alternative 2 - One 
difference between Task 3U-1 and 2U-1 is that the weir heights would be adjusted and 
variable type weirs incorporated where appropriate.  Task 3L-3 describes utilizing 
variable type weirs while Task 3U-3 describes adjusting weir heights.  It may be easier 
in some cases to replace weirs instead of modifying their height. 
 

TASK 3U-2 - Improve exit conditions. 
Task 3U-2 is needed for the reasons described in Task 2U-2.   

 
PROPOSED WORK 

The proposed work for this alternative is similar to Task 2U-2 - One additional 
feature proposed in this alternative is the stabilization of the floor of the headpool.   
 

The floor of the headpool dropped out in the past and had to be manually refilled 
with local streambed materials.  A permanent fix, such as building a concrete floor, 
should be done at this location.  This area should be dewatered and inspected to look 
for foundation materials suitable for this structure. 

 
The concrete bag wall at the fish ladder exit should be reconstructed.  This wall 

seals a leak in one of the walls of the headpool but is in poor condition. 
 

TASK 3U-3 - Adjust drops between pools to 2 feet or less. 
Task 3U-3 is important because under existing conditions, the drops between 

pools are quite large.  One is almost 4 feet, which may cause passage difficulties for 
fish.  By adjusting the heights of the weirs, the larger drops can be reduced by 
increasing some of the smaller drops. 
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PROPOSED WORK 
Cap the weir crests with steel set at predetermined elevations - Table 6 

summarizes the required change in weir crest elevations and finished elevations. 
Table 7 summarizes existing and proposed relative elevation differences between 
consecutive weir crests. 
 

Adjust weir crest lengths or type - This, and the possible use of variable weirs, 
has been described previously in Task 3L-3. 
 
Table 6.  Proposed weir crest elevation changes for Task 3U-3. 

Weir Elevation Change (ft.) Finished Elevation (ft.)
9 +0.01 449.57 
10 -0.09 451.57 
11 -0.98 453.57 
12 -0.53 455.57 
13 -0.89 457.57 
14 -0.84 459.57 
15 -0.48 461.32 
16 +0.25 463.07 
17 +0.01 464.82 

 
Table 7.  Existing and proposed drops between pools for Task 3U-3. 

Pools Existing Drops (ft.) Proposed Drops (ft.) 
8 to 9 2.35 2.00 
9 to 10 2.10 2.00 

10 to 11 2.89 2.00 
11 to 12 1.55 2.00 
12 to 13 2.36 2.00 
13 to 14 1.95 2.00 
14 to 15 1.39 1.75 
15 to 16 1.02 1.75 

16 to 17 (Creek WSEL) 1.99 1.75 
 
TASK 3U-4 - Excavate pools. 
Task 3U-4 is important because some of the pools are not very deep, limiting a 

fish’s ability to leap from one pool to the next.  Additionally, larger pools typically have 
the capacity to dissipate more energy, which reduces the amount of energy required by 
the fish to move from one pool to the next. 
 
PROPOSED WORK 

Excavate some pools to add depth for leaping and to decrease energy 
dissipation - Leaping depth and energy dissipation are separate standards and, ideally, 
both would be met.  We suggest, however, that the minimum leaping depth standard 
must be met, and the energy dissipation standard should be met where economically 
and geologically feasible.  Table 8 summarizes excavation depths and energy 
dissipation for pools in the upper fish ladder section.  The proposed excavation 
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corresponds to the minimum amount required for either leaping depth or for energy 
dissipation (see table and explanations below). 
 
Table 8.  Proposed average excavation depth, pool floor elevation, and energy 
               dissipation for 10 cfs with 2-foot drops between upper pools. 

Proposed Finished Energy
Pool Excavation Elevation Leaping Energy Dissipation
(#) (ft) (ft) (ft-lb/ft^3/sec)
9 1.0 445.8 Yes No 5.6
10 0.0 No Change Yes Yes <=4
11 2.1 451.4 Yes Yes <=4
12 0.0 No Change Yes No 6.1
13 1.3 455.6 Yes Yes <=4
14 0.9 457.9 Yes No 7.4
15 1.3 459.7 Yes No 6.4
16 0.3 461.4 Yes No 4.3

Standards Met

 
 

To meet the minimum pool depth standard for leaping, Pools 11, 13, 14, 15, and 
16 must be deepened.  Keeping the pools clean so they continue to meet the minimum 
depth requirements will be the responsibility of the fishway operator. 
• Pool 11 needs to be deepened by an average of 2.1 feet because it is presently only 

about 1.9 feet deep, and the downstream weir is proposed to be lowered by 0.98 
foot.  Presently, Pool 11 contains an unknown amount of loose materials.  Because 
Weir 11 is almost 9 feet high on the downstream side, the loose material is expected 
to be relatively thick.  To test the depth, DWR personnel performed some 
exploratory work with a steel bar in this pool (and others) on September 26, 2000.  
Based on this work, it is believed that 2.1 feet of material can be excavated from this 
pool. 

• Pool 13 needs to be deepened an average of about 1.3 feet.  It is also desirable to 
enlarge this pool to turn it into a large resting pool for fish.  The upper ladder does 
not currently have any large resting pools that would allow fish to rest before making 
the final run through the remaining portion of the fish ladder.  Some sections of the 
pool exceed the required minimum leaping depth, and excavation of rocks and 
sediment to bring the entire pool into compliance can be achieved. 

• Pool 14 needs to be deepened by at least 0.9 foot.  Inspection of this pool indicated 
that it should be relatively easy to increase the depth by 1 or 2 feet, which is more 
desirable for greater energy dissipation. 

• Pool 15 needs to be deepened by 1.3 feet.  Inspection of this pool indicated that it 
should be relatively easy to increase the depth by 1 foot.  Additional excavation 
beyond this depth may be more difficult. 

• Pool 16 needs to be deepened an average of about 0.3 foot.  Some portions of this 
pool exceed the depth requirement, but the area immediately downstream of the exit 
weir does not.  This area should be excavated; however, inspection of the pool 
revealed that the floor is made up of primarily large, in-place boulders that will make 
excavation difficult. 
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To meet the energy dissipation standard for 10 cfs, Pools 9, 12, 13, 14, 15, and 
16 must be enlarged.  The sidewalls of the upper section of the fish ladder are primarily 
large boulders, and the floors are made up of some loose material and some large 
boulders.  To gain the required energy dissipation, this increase in area could be 
obtained by excavating either the floors or the side- walls (where appropriate) of the fish 
ladder weirs.  Increases will be described as an average excavation of the pool floor, 
although any excavation could be a combination of both floors and walls.  This would be 
determined in the final design phase or during construction.  Following are the required 
changes: 
• Pool 9 – excavate by 3.1 feet. 
• Pool 12 – excavate by 2.2 feet. 
• Pool 13 – will meet the energy dissipation standard with proposed excavation, but 

this pool should be further enlarged, if possible, to create a larger resting pool. 
• Pool 14 – excavate 3.1 feet more than required by the leaping standard 4.0 feet, 
• Pool 15 – excavate 2.3 feet more than required by the leaping standard 3.6 feet, 
• Pool 16 – excavate 2.9 feet more than required by the leaping standard 3.2 feet, 

 
Since the upper section of the ladder is a long run, it is proposed that Pool 13 be 

enlarged beyond the energy dissipation standard, if feasible, to make this pool as large 
as possible to create a large resting area for the fish.  This is the only pool in the upper 
section that can be enlarged without excavating into large boulders that make up a 
major portion of the fish ladder; however, excavation of any given pool should not stop 
at the minimum leaping depth if additional excavation is easily achievable. 

 
It may not be possible to dissipate the energy of flows higher than 10 cfs and still 

use the existing facilities.  If the flow increases to 18 cfs (1.5-foot-deep weir flow), then 
the required pool volume would increase from 320 cubic feet to 576 cubic feet.  The 
existing pools cannot be enlarged this much. 

 
Pools 14, 15, and 16 are in the tunnel section of the fish ladder (Figure 10).  It is 

likely that the roof in this area will need to be stabilized before work can proceed. 
 

Maintenance 
 

To keep the fishway proposed in Alternative 3 operating as intended, regular 
maintenance, adjustments, and minor repairs or maintenance will be required.  
Significant work could be required if changes in creek flows cause portions of the 
fishway to become ineffective.  At creek flows of more than about 100 cfs, maintenance 
and adjustments may not be possible.  This may limit the time that work can be 
performed to the late spring through fall months. 

 
Regular maintenance work will include inspection of the entire fishway to ensure 

proper operation and sediment and debris removal.  Work will also include adjustments 
to the fishway exit to maintain the proper amount of water flowing into the fish ladder as 
the creek stage changes at the fish ladder exit.  Individual weirs will also need periodic 
adjustments.   
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Less frequent, but more significant work may include repair of damaged concrete 
structures, sealing leaks, and pool excavations.  Major work may be required because 
of changes in channel hydraulics or geologic conditions.  These types of changes have 
resulted in significant work in the past.  Presently, this site is only accessible by foot.  
Thus, specialized equipment, such as a crane or helicopter, may be required when 
significant repairs are done. 

 
An operations and maintenance manual should be developed during the final 

design process to provide information on how the fish ladder should be operated and 
maintained. 
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Table 9.  Iron Canyon Alternative 3 preliminary cost estimate. 
 

 
 

ITEM DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST

MISCELLANEOUS
1 Mobilization/Demobilization 1 LS 44,000$                44,000$                     
2 Site Work, Access & Mitigation 1 LS 27,000$                27,000$                     
3 Construction Scaffolding 1 LS 3,500$                  3,500$                       

74,500$                     
FISH LADDER LOWER SECTION

4 Weir Repair, Weir 1 1 LS 2,500$                  2,500$                       
5 Weir Repair, General 8 EA 1,500$                  12,000$                     
6 Weir Replacement, Weir 7 36 CY 1,000$                  36,000$                     
7 New Weir in Pool 7 Near Weir 6 10 CY 1,000$                  10,000$                     
8 Pool 3 Floor Repair 1 LS 1,000$                  1,000$                       
9 Pool Leak Repair, General 1 LS 1,500$                  1,500$                       
10 Excavation - Concrete 16 CY 500$                     8,000$                       
11 Excavation - Rock 120 CY 350$                     42,000$                     
12 Concrete (Walls & Baffles) 4 CY 1,000$                  4,000$                       
13 Armor/Strengthen Walls (Pool 3) 1 LS 5,500$                  5,500$                       
14 Dewatering 30 DAY 2,500$                  75,000$                     

197,500$                   
FISH LADDER UPPER SECTION

15 Weir Repair, General 9 EA 1,500$                  13,500$                     
16 Pool 10 Repair 1 LS 5,000$                  5,000$                       
17 Pool Leak Repair 1 LS 1,500$                  1,500$                       
18 Exit Structure (Weir 17) 1 LS 6,500$                  6,500$                       
19 Stabilize Headpool and Tunnel 15 CY 1,000$                  15,000$                     
20 Excavation - Concrete 2 CY 500$                     1,000$                       
21 Excavation - Rock 20 CY 500$                     10,000$                     
22 Concrete (Walls & Baffles) 4 CY 1,000$                  4,000$                       
23 Dewatering 30 DAY 1,300$                  39,000$                     

95,500$                     

24 Construction Cost 367,500$                   
25 Contingency @ 30% 110,500$                   
26 Construction Cost Subtotal 478,000$                   

27 Engineering 78,000$                     
28 Environmental 13,000$                     
29 Construction Inspection 52,000$                     
30 Contract Administration 39,000$                     
31 Total 660,000$                   

Big Chico Creek - Iron Canyon Fish Passage Project
Preliminary Cost Estimate for Design and Construction

Alternative 3
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ALTERNATIVE 4 - Major Improvements (1.5-foot drops) 
 
Lower Section 
 

For the lower section, Alternative 4 involves 4 tasks: 
4L-1 Repair existing damaged concrete structures. 
4L-2 Improve entrance conditions. 
4L-3 Adjust drops between pools to 1.5 feet or less. 
4L-4 Excavate pools. 
 

TASK 4L-1 - Repair existing damaged concrete structures. 
        Task 4L-1 is important for all of the reasons listed earlier in this document under 
Tasks 2L-1 and 3L-1. 
 
PROPOSED WORK 

Repair existing concrete - This task consists of the same work proposed in  
Task 3L-1. 
 

TASK 4L-2 - Improve entrance conditions.   
Task 4L-2 is important for all of the reasons listed earlier in this document under 

Tasks 2L-2 and 3L-2. 
 
PROPOSED WORK 
 Improve entrance conditions - This task consists of the same work proposed in 
Task 3L-2. 
 

TASK 4L-3 - Adjust drops between pools to 1.5 feet or less. 
Task 4L-3 is important to reduce drops to 1.5 feet to improve fish passage. 

 
PROPOSED WORK 

Rebuild/repair and add new weirs - These weirs should be capped with steel and 
set at predetermined elevations.  This alternative is based on holding the water surface 
elevation of Pool 16 at its present level and working downstream to create equal 
1.5-foot weir crest elevation differences.  Table 10 on the following page summarizes 
the required changes in weir crest elevations based on the existing mean crest 
elevation and 3-foot- wide weir crests.  Table 11 summarizes existing and proposed 
relative elevation differences between consecutive weir crests.  This alternative would 
require the following new structures: 
1) Head dissipation structure in pool 1 designed to dissipate about 0.75 foot of head. 
2) New weir in Pool 5. 
3) New weir in Pool 6. 
4) New weir in Pool 7 near the right bank. 
5) New weir in Pool 8, or repair of Weir 8, or a second new weir in Pool 7. 
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Table 10.  Proposed weir crest elevation changes and finished elevations for Task 4L-3. 
Weir Elevation Change (ft.) Finished Elevation (ft.) 

1 -0.19 433.76 
1B New Use boulders to raise 

upstream WSEL 0.75’ 
2 -0.23 435.82 
3 +0.52 437.32 
4 -0.20 438.82 
5 -1.56 440.32 

5B New 441.82 
6 -0.65 443.32 

6B New 444.82 
7 +0.75 446.32 

7B New 447.82 
7C, 8, or 8B New weir or +2.11 449.32 

 
 
Table 11.  Existing and proposed drops between pools for Task 4L-3. 

Pools Existing Drops (ft.) Proposed Drops (ft.) 
Creek WSEL to Pool 1 0.23 1.50 

1 to 1B 0 0.75 
1B to 2 2.73 1.50 
2 to 3 0.75 1.50 
3 to 4 2.22 1.50 
4 to 5 2.86 1.50 

5 to 5B 0 1.50 
5B to 6 2.09 1.50 
6 to 6B 0 1.50 
6B to 7 1.60 1.50 
7 to 7B 0 1.50 
7B to 8 0 (at low flow) 1.50 

 
• The proposed head dissipation structure in Pool 1 would be a couple of large 

boulders placed in the pool and rock-bolted in place.  The exact size and number will  
need to be determined by trial. 

• The proposed new weirs in Pools 5 and 6 should be placed in a convenient location 
near the center of the pools.  These pools are relatively large and the addition of 
new weirs should not adversely affect pool hydraulics. 

• The proposed new weir near the right bank of Pool 7 is the same structure described 
in Task 3L-1 and is labeled “C” in Figure 14. 

• The last new feature required in the lower section of the fish ladder is another 
structure to dissipate 1.5 feet of head.  This could be a second new weir in Pool 7, 
repair of Weir 8, or a new weir in Pool 8.  At this time, there is no good way to select 
the best location for this structure because Pools 7 and 8 are relatively deep and 
filled with sediment.  These pools need to be dewatered and inspected to find a site 
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with suitable foundation material.  This can be done during construction and the best 
option chosen at that time.  If a new weir is constructed in Pool 8, the existing 
overflow weir within Weir 7 should be blocked, and the underwater tunnel (labeled 
“A” in Figure 14) will become the primary fish passage route between Pools 7 and 8. 

 
Adjust weir crest lengths or types as described in Task 3L-3. 
 

TASK 4L-4 - Excavate pools. 
Task 4L-4 is important because depth and pool volume are required for proper 

energy dissipation and to give fish enough area to leap from one pool to the next.  This 
is not as much an issue for this alternative as it is for Alternative 3 because the head 
differential is smaller, so less energy will be transferred between pools, and the fish will 
not need to leap as high. 
 
PROPOSED WORK 

Increase pool volume - After inspection, it appears that some of the lower pools 
could be excavated to increase pool volume.  Some pool bottoms are clean, some 
contain sediment, and some contain large rocks that can probably be removed or 
excavated, see Figures 17 and 18.  Pool excavation could apply to the sidewalls, the 
floors, or both.  Table 12 summarizes the proposed excavation depth and energy 
dissipation values for pools in the lower fish ladder section.  The discussion about 
minimum pool depth for Task 3L-4 also applies to this alternative. 
 
Table 12.  Proposed average excavation depth, pool floor elevation, and energy 
dissipation for 10 cfs with 1.5-foot drops between pools. 

Proposed Finished Energy
Pool Excavation Elevation Leaping Energy Dissipation
(#) (ft) (ft) (ft-lb/ft^3/sec)
1 0 No Change Yes Yes <=4

1B 0 No Change Yes Yes <=4
2 0.7 433.6 Yes No 8.5
3 0.1 434.4 Yes Yes <=4
4 0.4 436.0 Yes Yes <=4
5 1.1 438.9 Yes No 4.8

5B 1.1 438.9 Yes No 4.5
6 0.4 441.6 Yes Yes <=4

6B 0.4 441.6 Yes Yes <=4
7 0 No Change Yes Yes <=4

7B 0 No Change Yes Yes <=4
8 or 8B 0 No Change Yes Yes <=4

Standards Met
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Upper Section 
 

For the upper section, Alternative 4 involves 4 tasks: 
4U-1 Repair existing damaged concrete structures 
4U-2 Improve exit conditions 
4U-3 Adjust drops between pools to 1.5 feet or less. 
4U-4 Excavate pools 
 

Task 4U-1 - Repair existing damaged concrete structures. 
Task 4U-1 is important for all of the reasons described earlier in Tasks 2U-1 and 

3U-1 pertaining to repairing damaged structures. 
 
PROPOSED WORK 

The proposed work for this task includes all of the items from Alternative 2, Task 
2U-1 - One difference between Tasks 4U-1 and 2U-1 is that the weir heights would be 
adjusted and variable type weirs incorporated where appropriate.  Task 3L-3 and 4L-3 
describes utilizing various weir types while Task 4U-3 describes adjusting weir heights.  
It may be easier in some cases to replace weirs instead of modifying their height. 
 

Task 4U-2 - Improve exit conditions. 
Task 4U-2 is important for the reasons listed earlier in Tasks 2U-2 and 3U-2 

pertaining to improving exit conditions. 
 
PROPOSED WORK 

The proposed work for this alternative is the same as for Task 2U-2. 
 

Task 4U-3 - Adjust drops between pools to 1.5 feet or less. 
Task 4L-3 would be important if it is decided that having 2-foot drops between 

pools is not sufficient to provide the desired level or ease for fish passage. 
 
PROPOSED WORK 

Rebuild/repair and add new weirs - These weirs should be capped with steel and 
set at predetermined elevations.  This alternative is based on holding the water surface 
elevation of Pool 16 at its current level and working downstream to create equal 1.5-foot 
weir crest elevation differences.  Table 13 on the following page summarizes the 
required changes in weir crest elevations based on the existing mean crest elevation.  
Table 14 summarizes existing and proposed relative elevation differences between 
consecutive weir crests.  For the upper section of the fish ladder, this alternative would 
require a new weir to be constructed in Pool 12. 
 

Construct a new weir in Pool 12 - This weir could be constructed in Pool 11, 12, 
or 13, but Pool 12 is the best choice.  Pool 12 is slightly longer than Pool 11, and Pool 
13 is planned to be enlarged to become a resting pool.  Constructing a new weir at this 
location significantly increases the energy in the two new pools formed by this structure, 
but this may be unavoidable. 
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Adjust the weir crest length and type - Slots and variable weirs were discussed in 
Task 3L-3.  While these slots may not be appropriate for Alternative 3, they probably are 
appropriate for at least a couple of areas in Alternative 4.  The main difference is that 
with 2-foot deep slots and 1.5-foot head differentials, slots may create a swim-through 
condition for fish.  This may be an important condition to have in some areas, especially 
at Weir 10.  This alternative requires that Weir 10 be raised by about 0.7 foot.  This 
would force the water surface to within about 0.8 foot of the rock ceiling over the weir 
and may cause problems for leaping fish.  If Weir 10 is converted to slots, then Weir 9 
should also be a slot to maintain similar hydraulics in this area. 
 
Table 13.  Proposed weir crest elevation changes for Task 4U-3. 

Weir Elevation Change (ft.) Finished Elevation (ft.)
9 +1.26 450.82 
10 +0.66 452.32 
11 -0.73 453.82 
12 -0.78 455.32 

12B New 456.82 
13 -0.15 458.32 
14 -0.59 459.82 
15 -0.48 461.32 
16 0 462.82 
17 -0.49 464.32 

 
Table 14.  Existing and proposed drops between pools for Task 4U-3. 

Pools Existing Drops(ft.) Proposed Drops(ft.) 
8 to 9 2.35 1.50 
9 to 10 2.10 1.50 

10 to 11 2.89 1.50 
11 to 12 1.55 1.50 
12 to 13 2.36 1.50 
13 to 14 1.95 1.50 
14 to 15 1.39 1.50 
15 to 16 1.02 1.50 

16 to 17 (Creek WSEL) 1.99 1.50 
 
Task 4U-4 - Excavate pools. 
Task 4U-4 is important because some of the pools are not deep enough to allow 

fish to leap from one pool to the next.  Additionally, larger pools have the capacity to 
dissipate more energy, reducing the amount of energy required by the fish to move from 
one pool to the next. 
 
PROPOSED WORK 

Excavate some pools to add depth for leaping and to improve energy  
dissipation - Leaping depth and energy dissipation are separate standards and ideally 
both will be met.  We suggest, however, that the minimum leaping depth standard must 
be met, and the energy dissipation standard should be met where economically and 
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geologically feasible.  Table 15 summarizes excavation depths and energy dissipation 
for pools in the upper fish ladder section.  The proposed excavation corresponds to the 
minimum amount required for either leaping depth or energy dissipation as described in 
Task 3U-4.  These excavation depths should be considered the minimum depth.  
Further excavation should be performed where economically and geologically feasible. 
 
Table 15.  Proposed average excavation depth, pool floor elevation, and energy 
dissipation for 10 cfs with 1.5-foot drops between pools. 

Proposed Finished Energy
Pool Excavation Elevation Leaping Energy Dissipation
(#) (ft) (ft) (ft-lb/ft^3/sec)
9 1.0 445.8 Yes Yes <=4
10 0 No Change Yes Yes <=4
11 2.1 451.4 Yes Yes <=4
12 0 No Change Yes No 10.2

12B 0 No Change Yes No 8.1
13 1.3 455.6 Yes Yes <=4
14 0.9 457.9 Yes No 5.8
15 1.3 459.7 Yes No 5.5
16 0.3 461.4 Yes No 5.9

Standards Met

 
 

Maintenance 
 

To keep the fishway proposed in Alternative 4 operating as intended, regular 
maintenance will be required.  Adjustments and minor repairs or maintenance could be 
needed frequently.  Significant work may be required more often if changes in creek 
flows cause portions of the fishway to become ineffective.  At creek flows of more than 
about 100 cfs, maintenance and adjustments may not be possible.  This may limit the 
time that work can be performed to the late spring through early fall months. 

 
Regular maintenance will include inspection of the entire fishway to ensure 

proper operation and sediment and debris removal.  Work will also include adjustments 
to the fishway exit to maintain the proper amount of water flowing into the fish ladder as 
the creek stage changes at the fish ladder exit.  Individual weirs will also need periodic 
adjustments.   

 
Less frequent, but more significant work may include repair of damaged concrete 

structures, sealing leaks, and pool excavations.  Major work may be required because 
of changes in channel hydraulics or geologic conditions.  These types of changes have 
resulted in significant work in the past.  Presently, this site is only accessible by foot, so 
specialized equipment, such as a crane or helicopter, may be required when significant 
repairs are done. 

 
An operations and maintenance manual should be developed during the final 

design process to provide information on how the fish ladder should be operated and 
maintained. 
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Table 16.  Iron Canyon Alternative 4 preliminary cost estimate. 
 

 

ITEM DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST

MISCELLANEOUS
1 Mobilization/Demobilization 1 LS 50,000$                50,000$                     
2 Site Work, Access & Mitigation 1 LS 30,000$                30,000$                     
3 Construction Scaffolding 1 LS 4,000$                  4,000$                       

84,000$                     
FISH LADDER LOWER SECTION

4 Weir Repair, Weir 1 1 LS 2,500$                  2,500$                       
5 Weir Repair, General 8 EA 1,500$                  12,000$                     
6 Weir Replacement, Weir 7 36 CY 1,000$                  36,000$                     
7 New Weir in Pool 7 Near Weir 6 10 CY 1,000$                  10,000$                     
8 New Weirs in Pools 1, 5, 6, and 8 36 CY 1,000$                  36,000$                     
9 Pool 3 Floor Repair 1 LS 1,000$                  1,000$                       
10 Pool Leak Repair, General 1 LS 1,500$                  1,500$                       
11 Excavation - Concrete 17 CY 500$                     8,500$                       
12 Excavation - Rock 120 CY 350$                     42,000$                     
13 Concrete (Walls & Baffles) 7 CY 1,000$                  7,000$                       
14 Armor/Strengthen Walls (Pool 3) 1 LS 5,500$                  5,500$                       
15 Dewatering 30 DAY 2,500$                  75,000$                     

237,000$                   
FISH LADDER UPPER SECTION

16 Weir Repair, General 9 EA 1,500$                  13,500$                     
17 New Weir in Pool 12 2 CY 1,000$                  2,000$                       
18 Pool 10 Repair 1 LS 5,000$                  5,000$                       
19 Pool Leak Repair 1 LS 1,500$                  1,500$                       
20 Exit Structure (Weir 17) 1 LS 6,500$                  6,500$                       
21 Stabilize Headpool and Tunnel 15 CY 1,000$                  15,000$                     
22 Excavation - Concrete 2 CY 500$                     1,000$                       
23 Excavation - Rock 20 CY 450$                     9,000$                       
24 Concrete (Walls & Baffles) 3 CY 1,000$                  3,000$                       
25 Dewatering 30 DAY 1,300$                  39,000$                     

95,500$                     

26 Construction Cost 416,500$                   
27 Contingency @ 30% 125,000$                   
28 Construction Cost Subtotal 541,500$                   

29 Engineering 92,000$                     
30 Environmental 13,000$                     
31 Construction Inspection 52,000$                     
32 Contract Administration 39,000$                     
33 Total 737,500$                   

Big Chico Creek - Iron Canyon Fish Passage Project
Preliminary Cost Estimate for Design and Construction

Alternative 4
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Iron Canyon Design and Construction Summary 
 

Site Conditions and Assumptions 
 
 The preliminary drawings and layouts contained in this report will be refined 
during the final design process.  Additional surveys, hydraulic analyses, and geologic 
explorations may be necessary because of changes in the site conditions since this 
investigation was conducted and to gain additional information that will be required for 
final design. 
 
Codes and Standards 
 
 Final Designs will be governed by the following criteria: 
• Final structural designs will comply with the latest Uniform Building Code 

requirements. 
• Final concrete designs will comply with the latest American Concrete Institute 

Building Code Requirements for Reinforced Concrete Design. 
• All current applicable CalOSHA safety standards will be met. 
• All environmental permit conditions will be met. 
 
Final Design Instructions 
 

Final designs will adhere to the following directives: 
• A complete operations and maintenance manual will be completed prior to project 

completion. 
• The elevations shown for Iron Canyon are based on NAVD 88 Datum.  Descriptions 

and elevations of control points can be obtained from ND. 
• Actual concrete thickness, foundation requirements, and reinforcement requirements 

will be determined by the final design engineer. 
• Excavation of the existing fish ladder pools should be limited to prevent leaks within 

a pool.  Any leaks within existing floors and those created during construction will be 
sealed.    

 
Construction Summary 
 
 At the Iron Canyon site, no improvements to the existing access roads leading to 
the north rim are proposed.  The canyon rim rises about 200 feet above the main creek 
channel.  Personnel access to the canyon floor is currently provided by a foot trail that 
begins at the Salmon Hole parking area and a second steeper trail that originates 
between Salmon Hole and the Iron Canyon project site.  There is no access from the 
south canyon rim.  Staging areas would exist on the north rim. 
 
 Since there is no road access leading to the project site, it is anticipated that a 
crane, highline, and/or helicopter will be used.  Construction of an access road leading 
to the creek is not feasible.  The limits of the staging areas and access routes should be 
marked and managed to prevent vehicular or personnel access outside of the 
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designated zone.  A small storage area will be needed on the north canyon rim to store 
a small amount of equipment and fuels. 
 
 Temporary cofferdams, flumes, pipes, and pumps may be used in the project 
area for dewatering purposes.  Gravel and concrete, excluding any steel that is 
excavated in the project area should remain on site where it will not interfere with the 
operation of the fish ladder or cause negative environmental impacts.   
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Bear Hole 
 

Summary of Findings 
 
Comparison of Viable Alternatives 
 
Alternative 2 – Enlarge Constriction Areas.           

         Cost Estimate 
                $ 131,500 
• Excavate rock in the upper constriction area to open up the passage corridor. 
• Investigate excavating the lower constriction area that exists immediately 

downstream. 
• Ensure that the creek bed above the modifications is stabilized.  
 
Alternative 3 – Enlarge Constriction area and Add Gradient Control Structures.  

         Cost Estimate 
                $ 138,000 
• Excavate rock in the upper constriction area to open up the passage corridor. 
• Ensure that the creek bed above the modification is stabilized.  
• Add two gradient control structures downstream of the constriction area to provide 

gradual steps past the constriction area. 
 
Alternative 4 – Add Gradient Control Structures.         

         Cost Estimate 
                $ 137,000 
• Add two gradient control structures downstream of the constriction areas to provide 

gradual steps past the constriction areas. 
 
Advantages and Disadvantages  
 
 The main advantage of Alternative 2 is that the section of creek in the vicinity of 
the constriction areas would be repaired and would improve fish passage without 
construction of any new structures.  Once the sections of creek near the constriction 
areas are reshaped, this stretch of creek should remain stabile and provide good fish 
passage. 
 
 The main disadvantage of Alternative 2 is that a potentially large area of the 
existing creek could be disturbed when enlarging the upper constriction area.  
Numerous boulders upstream of the upper constriction area will likely need to be 
moved, removed, or stabilized.  If the creek bed upstream of the constriction is not 
stabilized, fish passage problems may develop in the area. 
 
 The main advantage of Alternative 3 is that improved fish passage is gained, and 
the project would not disturb a significant amount of existing creek bed.  The gradient 
control structures would provide steps for passage beyond the upper constriction area.  
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Probably only a small amount of excavation at the constriction area itself would be 
needed. 
 
 The main disadvantage of Alternative 3 is that new structures would be 
introduced into this natural site.  The deeper pools created may also draw swimmers to 
the area, which could cause delays in fish passage.   
 
 The main advantage of Alternative 4 is that improved fish passage would be 
gained, and the project would not disturb a significant amount of the existing creek bed.  
The gradient control structures would provide steps for passage beyond the upper 
constriction area and no excavation would be required. 
 
 The main disadvantage of Alternative 4 is that new structures would be 
introduced into this natural site.  The deeper pools created may also draw swimmers to 
the area, which could cause delays in fish passage.     
 
Conclusion and Recommendations 
 
 The technical team decided Alternative 4 is the preferred alternative.  The 
construction of 2 gradient control structures will improve fish passage without creating 
creek bed instability above the upper constriction area.  The fisheries agencies thought 
that constructing two structures that would provide approximately 1.5-foot drops is 
preferred over constructing a single structure that would provide approximately 2-foot 
drops.  Over time, the gradient control structures will accumulate sediment and bedload 
behind them.  This will help to create a more constant slope in the creek bed in this 
area.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 51 
 

ALTERNATIVE 2 - Enlarge Constriction Area 
 

This alternative involves enlarging the constriction area that contributes to the 
excessive water surface and existing ground elevation differential.  The tasks involved 
would be: 
 
• Excavate the rock at the upper constriction area to open up the passage corridor. 
• Consider excavating the lower constriction area that exists immediately downstream. 
• Ensure that the creek bed above the modifications is stabilized.  
 

                 
Figure 20.  Bear Hole upper constriction   Figure 21.  Bear Hole lower constriction  
                  area (Looking upstream).           area (Looking downstream). 
 
PROPOSED WORK 

The boulders that create an excessive headwater/tailwater difference would be 
excavated to open up a cross section of the constricted area.  The work would involve 
modifying the upper right portion of a large boulder (see Figure 20). 

 
Additional excavation at the lower constriction area immediately downstream 

would also be done.  This would open up the cross sectional area through what is 
believed to be the main fish passage route. 
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Additional work that may be needed is to stabilize the creek bed immediately 
upstream of the constriction areas.  Depending on the amount of excavation, instability 
of the creek bed is likely because of downcutting and material movement in the channel.  
Basalt boulders of various sizes, along with sediment and bedload existing within the 
creek, are susceptible to movement.  This would need to be closely monitored during 
and after construction to ensure that the excessive head differential that exists now 
does not migrate upstream.   
 
Maintenance 
 
 This alternative would require no maintenance other than an occasional 
inspection to ensure that the creek bed is stable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 53 
 

Table 17.  Bear Hole Alternative 2 preliminary cost estimate. 
 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ITEM DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST

MISCELLANEOUS
1 Mobilization/Demobilization 1 LS 3,000$                  3,000$                       
2 Site Work, Access, & Mitigation 1 LS 2,500$                  2,500$                       
3 Dewatering 1 LS 10,000$                10,000$                     

15,500$                     
CONSTRICTION

4 Excavation - Rock 10 CY 300$                     3,000$                       
5 Channel Stabilization 80 CY 300$                     24,000$                     

27,000$                     

6 Construction Cost 42,500$                     
7 Contingency @ 25% 11,000$                     
8 Construction Cost Subtotal 53,500$                     

9 Engineering 26,000$                     
10 Environmental 13,000$                     
11 Construction Inspection 13,000$                     
12 Contract Administration 26,000$                     
13 Total 131,500$                   

Big Chico Creek - Bear Hole Fish Passage Project
Preliminary Cost Estimate for Design and Construction

Alternative 2
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ALTERNATIVE 3 - Enlarge the Constriction Area and Add Gradient Control 
Structures 

 
This alternative involves enlarging the constriction area that contributes to the 

excessive water surface and existing ground elevation differential.  A gradient control 
structure(s) downstream of the constriction area would be installed to raise the tailwater 
to make passage easier at the existing constriction areas.  The tasks involved would be: 
 
• Excavate rock at the upper constriction area to open up a passage corridor. 
• Ensure that the creek bed above the modification is stabilized.  
• Add a gradient control structure(s) downstream of the constriction area to provide a 

gradual step(s) past the constriction area. 
 

 
Figure 22.  Sketch of typical proposed gradient control structure downstream of 
                  constriction area. 
 
PROPOSED WORK 
 One or two gradient control structures would be constructed within the creek 
downstream of the existing constriction areas.  Each structure would span the entire 
width of the channel at their respective locations and raise the water surface in a 
gradual step or steps depending on how many structures would be placed.  The 
gradient control structures could be constructed with rocks, logs, steel, or concrete.  
Each gradient control structure would be keyed into the bottom of the creek to ensure 
stability and a good seal.  The structure would be submerged during most, if not all flow 
conditions.  The use of rocks or logs would make accomplishing the intended designed 
water surfaces more difficult and less permanent than using concrete or steel.  A 
concern with rocks, logs, or a steel plate would be the difficulty of creating a seal along 
the cross section.  The use of a concrete structure would make construction easier and 
ensure that a good seal across the entire cross section is achieved.  For aesthetics, 
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native rock could be imbedded in the exterior of the new concrete structure to present a 
more natural look, even though the structure would be designed so that it would be 
submerged most of the time by water.        
 
 In addition to the placement of gradient control structures, some excavation 
would be done in the upper constriction area.  The extent of the excavation would be 
minor compared to the work involved in Alternative 2 and could be done with a 
jackhammer or a rock hammer.  Figure 23 shows an estimate of the excavation. 

 

 
 Figure 23.  Estimate of the minor excavation at 
                   the upper constriction area. 

 
 Over time, the creek will deposit sediment and bedload behind the structure and 
begin the process of returning the creek site to a similar slope to the one that now exists 
upstream and downstream of the construction site.  This process could be allowed to 
occur naturally or initiated by introducing native material after construction of the 
gradient control structure(s). 
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Maintenance 
 
 This alternative would require minimal maintenance after construction.  The 
structures and the materials that would be deposited behind them over time should be 
monitored to ensure that conditions for unimpeded fish passage remain.  The creek bed 
above the enlarged constriction area should be monitored occasionally for stability.   
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Table 18.  Bear Hole Alternative 3 preliminary cost estimate. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ITEM DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST

MISCELLANEOUS
1 Mobilization/Demobilization 1 LS 4,000$                  4,000$                       
2 Site Work, Access, & Mitigation 1 LS 3,000$                  3,000$                       
3 Dewatering 1 LS 20,000$                20,000$                     

27,000$                     
Constriction

4 Excavation - Rock 1 LS 1,000$                  1,000$                       
5 Concrete - Gradient Control Structures 20 CY 1,000$                  20,000$                     

21,000$                     

6 Construction Cost 48,000$                     
7 Contingency @ 25% 12,000$                     
8 Construction Cost Subtotal 60,000$                     

9 Engineering 26,000$                     
10 Environmental 13,000$                     
11 Construction Inspection 13,000$                     
12 Contract Administration 26,000$                     
13 Total 138,000$                   

Big Chico Creek - Bear Hole Fish Passage Project
Preliminary Cost Estimate for Design and Construction

Alternative 3
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ALTERNATIVE 4 - Add Gradient Control Structure(s) 
 

This alternative would involve introducing a new gradient control structure(s) 
downstream that would raise the water surface to make fish passage easier at the 
existing constriction area.  The task involved would be: 
 
• Add a gradient control structure(s) downstream of the constriction area to provide a 

gradual step(s) past the constriction area. 
 
PROPOSED WORK 

The proposed work would introduce one or two gradient control structures as 
discussed in Alternative 3.  No excavation of the upper constriction area would be done.  
Raising the water surface downstream of the upper constriction area would improve fish 
passage. 

 

 
 
Figure 24.  Aerial photo of Bear Hole with proposed gradient control structures. 

 
Maintenance 
 

This alternative would require minimal maintenance after construction.  The 
structures and materials that are deposited behind them over time should be monitored 
to ensure that conditions for unimpeded fish passage remain. 
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Table 19.  Bear Hole Alternative 4 preliminary cost estimate. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

ITEM DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST

MISCELLANEOUS
1 Mobilization/Demobilization 1 LS 4,000$                  4,000$                       
2 Site Work, Access, & Mitigation 1 LS 2,500$                  3,000$                       
3 Dewatering 1 LS 20,000$                20,000$                     

27,000$                     
Constriction

4 Concrete - Gradient Control Structures 20 CY 1,000$                  20,000$                     
20,000$                     

5 Construction Cost 47,000$                     
6 Contingency @ 25% 12,000$                     
7 Construction Cost Subtotal 59,000$                     

8 Engineering 26,000$                     
9 Environmental 13,000$                     
10 Construction Inspection 13,000$                     
11 Contract Administration 26,000$                     
12 Total 137,000$                   

Big Chico Creek - Bear Hole Fish Passage Project
Preliminary Cost Estimate for Design and Construction

Alternative 4
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Bear Hole Design and Construction Summary 
 

Site Conditions and Assumptions 
 
 The preliminary layout and design drawings contained in this report will be 
refined during the final design process.  Additional surveys, hydraulic analyses, and 
geologic explorations may be necessary because of changes in the site conditions since 
this investigation was conducted. 
 
Codes and Standards 
 
 Final designs will be governed by the following criteria: 
• Final structural designs will comply with the latest Uniform Building Code 

requirements. 
• Final concrete designs will comply with the latest American Concrete Institute 

Building Code Requirements for Reinforced Concrete Design. 
• All current applicable CalOSHA safety standards will be met. 
• All environmental permit conditions will be met. 
 
Final Design Instructions 
 

Final designs will adhere to the following directives: 
• A complete operations and maintenance manual will be completed prior to project 

completion. 
• The elevations shown for Bear Hole are based on NAVD 88 (feet) Datum.  

Descriptions and elevations of control points can be obtained from ND. 
• Actual concrete thickness and reinforcement requirements will be determined by the 

final design engineer. 
 
Construction Summary 
 

At the Bear Hole site, no improvements of existing access roads leading to the 
north side of the creek are proposed.  Personnel access to the project site is currently 
provided by foot trails that begin in the parking area adjacent to the project site.  No 
access is available from the south side of the creek.   

 
Staging areas would exist on the north side of the creek.  The limits of the 

staging areas and access routes should be marked and managed to prevent vehicular 
or personnel access outside the designated construction zone.  A small storage area is 
needed on the north side of the creek to store a small amount of equipment and fuels.  
 
 A temporary cofferdam upstream of the work site could direct a majority of the 
flow into a side channel that would bypass the project site.  Pumps would also be 
needed to remove any excess water at the site.  Any gravel and rock that is excavated 
could remain on site where it will not interfere with fish passage or the natural flow of the 
creek. 
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Iron Canyon and Bear Hole Fish Passage Project on Big Chico Creek 
December 7, 2000 Meeting Notes 

 
Attendees: 
 
John Icanberry, USFWS 
Steve Thomas, NMFS 
Cindy Watanabe, DFG 
Paul Ward, DFG 
Dave Rose, DFG 
Kevin Dossey, DWR 
Scott Kennedy, DWR 
Bill McLaughlin, DWR 
 
General 
 
• A clear narrative explaining the logic and process used to narrow down the 

alternatives and justifying the selected alternative needs to be included in the final 
preliminary engineering report for the investigation. 

• Exceedance curves for historical flows should be generated to estimate potential 
passage delays.  

• If alternative 2 or 3 is ultimately selected, there is a possibility that the DFG Elk 
Grove Screen Shop crew may be willing to do the construction work. 

• The issue of ownership and maintenance of the structures at Iron Canyon and the 
potential proposed structure at Bear Hole will need to be resolved prior to seeking 
funding for the project.  

 
Iron Canyon 
 
• These 8 alternatives for Iron Canyon were presented: 
� Alternative 1 - Do nothing. 
� Alternative 2 - Make minimal improvements to the existing structure. 
� Alternative 3 - Make minor improvements to the existing structure. 
� Alternative 4 - Make major improvements to the existing structure. 
� Alternative 5 - Build hybrid facilities. 
� Alternative 6 - Build new fish ladder. 
� Alternative 7 - Build gradient structure. 
� Alternative 8 - Trap and relocate fish.  

� Very rough, order of magnitude costs for the alternatives at this point are: 
� Alternative 1 - $               0 
� Alternative 2 - $      55,000 
� Alternative 3 - $    550,000 
� Alternative 4 - $ 2,000,000 
� Alternative 5 - no estimate 
� Alternative 6 - $ 5,500,000 
� Alternative 7 - $ 3,500,000 
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• Additional resting pools should be provided if possible for alternatives 3 or 4. 
• Cost vs. risk of the alternatives should be addressed.   
• For Iron Canyon, it was decided that alternatives 2, 3, and 4 should be further 

investigated.  Alternative 2 would focus on fixing the existing structures, alternative 3 
would focus on 2’ or less jumps for the entire fish ladder and achieving required 
leaping depths and energy dissipation at a design flow of 10 cfs, and alternative 4 
would focus on 1½’ or less jumps for the entire fish ladder and achieving required 
leaping depths and energy dissipation at a design flow of 10 cfs.    

• Alternatives 1, 5, 6, 7, & 8 will not be further investigated.  Alternatives 1 and 8 do 
not meet the goals of restoration, alternative 5 would not provide a suitable solution, 
and alternatives 6 and 7 are too high in cost for the risk with respect to the life of the 
project.  

• For alternatives 3 and 4, DWR will look into constructing a new weir between weirs 7 
and 8 vs. trying to plug the large hole in the weir 8 group to gain additional head in 
this area. 

• At the exit, an existing concrete plug will likely need to be raised or replaced to 
prevent the potential of fallback. 

• The use of steel caps will be utilized where appropriate to minimize the amount of 
concrete that would need to be placed. 

• DWR will obtain additional information on the use of a silica gel for plugging leaks in 
the existing fish ladder.  

 
Bear Hole 
 
• These 7 alternatives for Bear Hole were presented: 
� Alternative 1 - Do nothing. 
� Alternative 2 - Enlarge constriction(s). 
� Alternative 3 - Enlarge constriction(s) and add gradient structure(s). 
� Alternative 4 - Add gradient control structure(s). 
� Alternative 5 - Build gradient structure. 
� Alternative 6 - Build new fish ladder. 
� Alternative 7 - Trap and relocate fish. 

• For Bear Hole, it was decided that alternatives 2, 3, and 4 should be further 
investigated.   

• Alternatives 1, 5, 6, and 7 will not be further investigated.  Alternatives 1 and 7 do 
not meet the goals of restoration and alternatives 5 and 6 were thought to be 
extreme for improving fish passage at the site. 

• The group felt that 2 structures instead of 1 should be designed into alternatives 3 
and 4.  The approximate 2½’ jump that would exist with one structure was thought to 
be excessive.  Two structures would reduce the jumps to approximately 1½’ each. 

 
The next meeting was not scheduled but will likely occur in January or February of 
2001. 
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Iron Canyon and Bear Hole Fish Passage Project on Big Chico Creek 
May 9, 2001 Meeting Notes 

DRAFT 
Attendees: 
 
John Icanberry, USFWS 
Steve Thomas, NMFS 
George Heise, DFG 
Paul Ward, DFG 
Dave Rose, DFG 
Curtis Anderson, DWR 
Scott Kennedy, DWR 
Bill McLaughlin, DWR 
 
General 
 
� The geology memorandum by DWR Project Geology was finalized on March 28, 

2001.  The memorandum summarizes that alternatives involving repair of existing 
structures are feasible and that any additional minor geology work can be done 
during final design or at the time of construction.  Alternatives involving building 
significant new structures or modification of boulders would require an additional 
detailed geologic investigation. 

� The environmental write-up will be completed after a preferred alternative is 
selected.  Thus far, there haven’t been any significant environmental issues. 

� The photogrammetry work was completed April 2001.  The final product is a mosaic 
beginning downstream of Bear Hole and extending upstream of Iron Canyon. 

� The December 7, 2000 meeting was summarized.  
 
Iron Canyon 
 
� Alternative 4, which focuses on 1.5’ drops or less between pools was discussed by 

DWR.  It was pointed out to the group that trying to accomplish 1.5’ drops would 
likely involve major work such as modifying the large boulder piles at the lower and 
upper sections of the existing fish ladder.  This would result in a dramatic increase in 
cost due to items such as: additional geologic investigation, surveying, 
blasting/excavation of boulders, stabilization of boulders, and removal and 
reconstruction of existing structures.  The group would like DWR to provide a cost 
estimate that is more detailed than an order of magnitude cost.  

� Alternative 3, which focuses on 2’ drops or less between pools was discussed by 
DWR.  This would include repairing the existing structures and minimizing 
construction of new structures and meet standards and criteria where feasible.  At 
10 cfs, leaping depth requirement can be met throughout the fish ladder and energy 
dissipation can be met or almost met throughout the fish ladder.  DWR will provide 
information on the level of energy dissipation that can be met for each of the pools 
with this alternative. The preliminary cost estimate for alternative 3 is about 
$500,000. 
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� During the previous meeting, it was suggested that any pool volumes that could be 
increased to provide larger resting areas should be done for alternatives 3 and 4.  
Currently, pools 1, 6, 7, 8, and 10 are the only pools that have larger than normal 
volumes for resting.  It appears that pool 13 is the only one that could be slightly 
increased.  

� To seal the leak in pool 10, DFG suggested that the repair should be flexible to 
account for minor geologic shifting.  DFG would like all pools to be “self-contained” 
or well sealed to ensure that water entering the fish ladder also exits the fish ladder.  
One of the objectives in alternatives 3 and 4 is to seal all of the leaks that have 
accumulated in the existing fish ladder over time.      

� For alternatives 3 and 4, two methods to repair the ineffective weir 8 were presented 
by DWR to gain additional head in this area.  One solution is to plug the tunnel that 
exists within a large boulder that makes up a portion of weir 8.  The other option 
would be to construct a new weir between weirs 7 & 8 that would also included 
raising the left bank side of weir 7.  It was suggested that a new weir located close to 
the exit of pool 6 would be preferable. 

� DFG would like DWR to investigate different weir configurations such as vertical 
slots or notched weirs that could benefit passage in certain portions of the existing 
fish ladder for alternatives 3 and 4.  DFG discussed an idea to utilize a “ramping” 
effect to help passage in certain portions of the existing fish ladder.  DWR requested 
information from DFG regarding this technique. 

� DWR discussed methods to raise the headwater pool for alternatives 2, 3, and 4 in 
the new structure above the exit of the fish ladder.  The structure could be made up 
of rocks or a concrete structure.  A concrete structure with flashboards may be 
preferable since it will be necessary for this structure to be adjustable.     

� DWR suggested that the small concrete plug upstream of the fish ladder exit should 
not be raised as previously stated.  The thought is that raising the plug would allow 
more water into the ladder as flows increase, which would not be a desired effect.  
Making this an adjustable structure may be more appropriate.  

� Alternative 2, which focuses on minimal repairs to the existing fish ladder to make it 
operational again was not discussed.  An updated preliminary cost estimate of about 
$100,000 was given. 

 
Bear Hole 
 
� Alternative 2 for Bear Hole, which involves enlarging the constriction, was discussed 

by DWR.  It is likely that the creek bed above the constriction and various sized 
boulders affected by significantly enlarging the constriction would need to be 
stabilized to prevent a fish passage problem upstream.  A concern with this 
alternative is to not drastically increase velocities or decrease depths at low flows 
through this section.  A rough cost estimate was given of about $90,000. 

� Alternative 4 for Bear Hole, which involves constructing 1 or 2 gradient control 
structures downstream of the constriction was discussed by DWR.  This option 
would improve fish passage without enlarging the constriction or needing to address 
creek bed stability issues.  The placement of 2 structures would create jumps of 
about 1.5’ compared to a current jump of 4’ to 4.5’ at low flows.  The upstream 
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structure would be about 6.25’ feet high and the downstream structure would be 
about 4.5’ high.  A rough cost estimate was given of about $95,000. 

� Alternative 3 for Bear Hole involves placing the gradient control structures and 
enlarging the constriction.  It doesn’t seem necessary to enlarge the constriction 
significantly to further improve passage.  It was suggested that possibly doubling the 
width of the existing constriction might be helpful.  A rough cost estimate was given 
of about $150,000, but could be reduced depending on the extent of the constriction 
enlargement.   

 
 
The next meeting was not scheduled. 
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Iron Canyon and Bear Hole Fish Passage Project on Big Chico Creek 
July 5, 2001 Meeting Notes 

 
Attendees: 
 
John Icanberry, USFWS 
George Heise, DFG 
Paul Ward, DFG 
Scott Kennedy, DWR 
Bill McLaughlin, DWR 
 
Iron Canyon 
 
• DWR discussed items that were to be followed up on from the 5/9/01, sent out to the 

group on 6/5/01.    
• DWR discussed an updated alternative 4 that would reduce the jumps between 

pools to 1.5’.  The proposal is to add 5 additional weirs within the limits of the 
existing fish ladder into pools 12, 7, 6, 5, and either plugging weir 8 or adding an 
additional weir into pool 7 or 8. 

• For alternatives 3 and 4, DWR discussed if leaping depth and what levels of energy 
dissipation would be met.  The required leaping depth would be met for all pools with 
both alternatives.  For alternative 3, 4 ft-lb/ft^3/sec of energy dissipation would be 
met with 10 of the 16 pools.  With alternative 4, 13 of 21 pools would meet the 
recommended energy dissipation.   

• DWR discussed the concept of notching existing weirs to a 3’ wide by 2’ deep 
opening that could accommodate contracted/suppressed weirs, vertical slots, sloped 
ramps, or other weir types.  The group felt that the flexibility this would provide would 
be beneficial.  DFG suggested a 2.5’ deep opening to give more operational range. 

• DFG asked that energy dissipation in pools be limited to about 8 ft-lb/ft^3/sec.  This 
will require slightly raising the energy dissipation in adjacent pools to reduce the 
higher ones to 8 ft-lb/ft^3/sec or less.   

• DWR proposed the idea of lowering the invert of the exit weir (weir 17) by 1’ and 
making it adjustable rather than building a new structure in the creek to control the 
headwater pool.  It was also noted that flow to the fish ladder could only be 
controlled up to about 50 cfs for alternative 3 and about 30 cfs for alternative 4 in the 
creek before the design head differential or energy dissipation would begin to be 
exceeded.  The group decided that making the exit weir adjustable would be the 
better option than a new structure in the creek.   

• DFG emphasized the need to address stabilizing the floor of the headwater pool 
upstream of the exit weir and rebuilding the concrete sandbag plug just upstream of 
the exit.   

• DFG suggested that the left bank wall of pool 3 should be strengthened to withstand 
the force of water flowing into against it. 

• DWR gave an updated preliminary cost of $650,000 for alternative 3 and $760,000 
for alternative 4. 

• The group decided that alternative 4 is the preferred option at this time. 
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Bear Hole 
 
• DWR asked for input on whether the gradient control structures should include a low 

flow notch or not.  The structures without a notch would be submerged during low 
flow conditions.  The group felt that the structures should not include the notch but 
that slightly sloping the structures may be desirable.  This would be determined in 
final design. 

• DWR asked for clarification as to whether a slight enlargement of the upper 
constriction was desired by the group.  Enlargement of the upper constriction isn’t 
needed for improved fish passage.  The group felt that the enlargement wasn’t 
needed but would be open to that possibility during final design.  This means that 
alternative 4 for Bear Hole is the preferred alternative at this time. 

 
General 
 
• DFG asked when a draft report could be completed to begin the review process and 

to discuss the project with the City of Chico and the Big Chico Creek Watershed 
Alliance.  DWR will try to have the first draft to be reviewed by DFG, NMFS, and 
USFWS in the next couple of weeks. 

• Steve Thomas from NMFS was not able to attend the meeting.  He will need to be 
informed of the meeting to see if he concurs with the group.  George Heise will 
contact and update Steve on what occurred at the meeting.  

 
A future meeting was not scheduled. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 B-1 
 

Appendix B Table of Contents 
 
 

Average Daily Flow Exceedances and Average Monthly Flows................................ B-2 
Monthly Average Daily Flow Exceedance Charts...................................................... B-3 
Frequency Curve..................................................................................................... B-15 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 































 C-1 
 

Appendix C Table of Contents 
 

Preliminary Geology Memorandum........................................................................... C-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





















 D-1 
 

Appendix D Table of Contents 
 
 

Cultural Resources Study Memorandum................................................................... D-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



























 E-1 
 

Appendix E Table of Contents 
 

Botanical and Valley Elderberry Longhorn Beetle Surveys Memorandum ................ E-2 
Environmental Permitting and Documentation Memorandum ................................... E-8 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 






























































	Foreword
	Table of Contents
	Organization, Department of Water Resources
	Acknowledgements
	Recommendations
	General
	Introduction
	Project Alternatives
	Description of Inestigation

	Iron Canyon
	Summary of Findings
	Alternative 2 - Minimal Improvements
	Alternative 3 - Major Improvements (2-foot drops)
	Alternative 4 - Major Improvements (1 1/2-foot drops)
	Iron Canyon Design and Construction Summary

	Bear Hole
	Summary of Findings
	Alternative 2 - Enlarge Constriction Area
	Alternative 3 - Enlarge the Constriction Area and Add Gradient Control Structures
	Alternative 4 - Add Gradient Control Structure(s)
	Bear Hole Design and Construction Summary

	Iron Canyon-Preliminary Engineering Drawings
	Bear Hole-Preliminary Engineering Drawings
	Appendices
	Appendix A - Meeting Notes
	Appendix B - Hydrology
	Appendix C - Preliminary Geology Inspection
	Appendix D - Cultural Resources Study
	Appendix E - Preliminary Environmental Inspection




